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RESOURCE  AND  POTENTIAL  RECLAMATION  EVALUATION 

OF 

OTTER  CREEK  STUDY  SITE 
OTTER  CREEK  COALFIELD,  MONTANA 

INTRODUCTION 


A  growing  and  affluent  society  is  creating  an  ever  increasing  need  for 
energy.   Attention  has  focused  on  the  energy  fuels  sources  existent  in 
the  western  states,  primarily  the  Rocky  Mountain  and  the  Northern  Great 
Plains  Coal  Provinces,  due  to  the  abundance,  ease  of  extraction,  and 
the  quality  of  the  resources  present.   It  is  the  responsibility  of  the 
Bureau  of  Land  Management  to  assist  in  meeting  these  energy  demands 
and,  at  the  same  time,  provide  sound  reclamation  and  rehabilitative 
guidelines  so  that  the  lands  subjected  to  disturbance  are  returned  to 
a  restored  and  useful  condition. 

Purpose 

The  purpose  of  this  study  is  to  assure  adequate  base  line  data  for 
choosing  optimum  reclamation  and  rehabilitative  objectives  and  for 
establishing  appropriate  data  and  interpretation  for  preparation  of 
lease  stipulations  through  site-specific  pre-planning  recommendations 
for  mining  and  reclamation. 

Objectives 

1.  To  analyze  and  quantify  environmental  impacts  from 
surface  mining  of  energy  and  other  minerals  in  Colorado, 
Montana,  New  Mexico,  North  Dakota,  Utah,  and  Wyoming. 

2.  To  provide  resource  and  impact  information  to  the 
leasing  site  selection  procedures  as  set  forth  by 
the  Secretary  of  the  Interior. 

3.  To  provide  environmental  resource  information  needed 
to  implement  effective  reclamation  and  rehabilitation 
programs  and  for  the  development  of  meaningful  lease 
stipulations  as  required  by  the  mined  land  reclamation 
program. 

4.  To  provide  resource  and  impact  information  to  support 
state  and  local  regional  development  and  land  use 
planning  efforts. 

5.  To  determine  the  present  and  potential  capability  of 
the  soil  and  geologic  strata  to  support  and  maintain 
vegetation  on  known  energy  fuel  deposits. 


6.  To  provide  physical  and  chemical  data  from  which  real- 
istic stipulations  may  be  prepared  for  energy  mineral 
exploration,  mining,  and  reclamation  plans. 

7.  To  provide  data  needed  in  the  preparation  of  Environmental 
Impact  Statements,  Environmental  Analysis  Records,  and 

to  aid  in  the  review  of  mining  and  reclamation  plans  for 
proposed  land  disturbing  activities  in  the  vicinity  of 
the  study. 

Authority 

Public  Land  Administration  Act  of  July  14,  1960  (74  Stat.  506). 

Responsibility 

Bureau  of  Land  Management 

a.  Select  reclamation  study  site  areas  for  coordinated 
investigation  of  vegetation,  soil,  geological  structure, 
surface  water,  and  ground  water. 

b.  Acts  as  Contracting  Officer  in  the  coordination, 
establishment,  and  execution  of  work  orders. 

c.  Reviews  and  consolidates  work  order  and  field  office 
data  and  prepares  input  to  reports  published  by  the 
Bureau  of  Reclamation. 

d.  Procurement  of  easements  and  rights-of-way  to  conduct 
the  studies. 

e.  Distributes  technical  data,  reports,  and  reclamation 
and  rehabilitation  recommendations  to  Bureau  of  Land 
Management  field  offices. 

Bureau  of  Reclamation 

a.  Conducts  soil  inventories. 

b.  Conducts  drilling  operations  for  the  procurement  of 
core  samples  to  be  used  for  the  analysis  of  geological 
strata  in  overburden  materials. 

c.  Installs  casing  in  holes  selected  for  ground-water 
observation  wells. 

d.  Characterizes  and  interprets  overburden  materials  as 
well  as  substrata  immediately  below  the  coal  resources. 

e.  Conducts  greenhouse  studies  for  determining  overburden 
materials  potential  for  supporting  vegetative  growth. 


f.  Conducts  mechanical  weathering  tests  of  core  samples 
to  determine  stability  of  overburden  materials. 

g.  Recommends  to  district  office,  Bureau  of  Land  Management, 
suitable  plant  species  for  use  in  areas  to  be  reclaimed. 

h.   Advises  district  office,  Bureau  of  Land  Management,  on 
reclamation  techniques. 

i.   Prepares  a  geologic  map. 

Geological  Survey 

a.  Conducts  vegetation  and  soil  studies  which  will  result 
in  vegetation  maps  and  related  soil  characteristics. 

b.  Assesses  reclamation  potential  based  on  water  available 
from  precipitation,  the  effects  of  surface  mining  on 
area  hydrology,  and  the  measures  required  to  prevent 
adverse  effects  on  surface  and  ground  waters  of  the 
area. 

c.  Prepares  sediment  yield  maps. 

d.  Prepares  erodibility  maps. 

e.  Estimates  annual  runoff  and  peak  flows. 

f.  Collection  and  interpretation  of  data  to  predict 
alternative  solutions  to  ground-water  problems 
encountered  during  mining  and  reclamation. 

g.  Implementation  of  a  monitoring  system  to  define 
base  line  conditions  and  to  document  ground-water 
changes  in  flow  and  quality  caused  by  mining  and 
reclamation. 

h.   Prepares  potentiometric  maps. 

i.   Coal  sections  and  well  logs. 

j.   Coalbed  maps  showing  coal  resources. 

k.   Tabulation  of  coal  resources  estimates. 

1.   Table  of  analytical  results  on  coal  resources. 

m.   Graphic  presentation  of  analytical  results. 

1)  Vertical  -  Plotted  against  well  logs. 

2)  Horizontal  -  Plan  view  of  significant. 


General  Description 

The  Otter  Creek  Study  Site,  Otter  Creek  Coalfield,  is  located  in 
the  southeastern  corner  of  the  State  of  Montana  in  Powder  River 
County,  approximately  6  miles  southeast  of  Ashland,  Montana.   The 
general  location  of  the  site  is  shown  on  plate  1.   The  site  is 
comprised  of  approximately  1830  acres  in  Sections  26  and  3A, 
Township  3  South,  Range  45  East,  and  Section  2,  Township  4  South, 
Range  45  East,  Montana  Principal  Meridian.   The  coal  resources 
underlie  about  1200  acres  within  the  site,  but  the  detailed  land 
classification  survey  covered  about  1300  acres.   This  should  provide 
full  coverage  of  land  that  may  be  surface  mined.   The  location  and 
setting  of  the  study  site  is  shown  on  photograph  1  and  plate  2.   The 
surface  is  privately  owned  on  the  three  sections;  however,  most 
minerals,  including  all  coal,  are  federally  owned.   The  ownership 
status  of  all  minerals  is  shown  on  plate  3. 

Prior  to  the  1870' s,  this  area  was  occupied  by  various  tribes  of 
plains  Indians.   The  land  provided  for  and  satisfied  their  physical, 
sociological,  and  cultural  needs.   These  people  fought  desperately 
to  retain  these  lands  which  were  being  "invaded"  by  the  white  man. 
The  resultant  disposition  of  lands  included  the  establishment  of  two 
reservations,  the  Crow  and  the  Northern  Cheyenne.   The  eastern  bound- 
ary of  the  Northern  Cheyenne  Reservation  lies  approximately  10  miles 
west  of  the  study  site.   The  population  density  is  one  person  per 
square  mile.   The  area  is  steeped  in  significant  Indian  cultural 
values  and  historical  occurrences.  Arche%logical  inventories  have 
identified  numerous  significant  sites.   None  were  disturbed  by  these 
studies;  however,  it  is  recommended  that  a  more  intensive  investi- 
gation be  conducted  prior  to  any  surface  mining. 

The  site  is  comprised  of  six  vegetative  communities  as  follows: 

Pine  Savannah  Hay  Meadows 

Grassland-Shrubland       Crested  Wheatgrass 

Breaks  Cultivated  Land 

All  contribute  to  the  major  industry  which  is  raising  livestock.   A 
small  sawmill  in  Birney  handles  the  bulk  of  the  timber  sold  in  the 
area.   The  greater  portion  of  the  mill  by-products  are  used  locally 
in  the  form  of  fence  posts,  corral  poles,  bridge  timbers,  and  out- 
building construction. 

The  area  has  one  of  the  highest  population  densities  of  deer  in  the 
state.   Both  mule  and  whitetail  deer  are  present.   The  mule  deer 
tend  to  inhabit  the  higher  pine  savannah  grassland-shrub  communities 
while  the  whitetail  deer  tend  to  occupy  the  lower  hay  meadows- 
cultivated  lands  along  the  Tongue  River  drainways.   Other  game  species 
include  ring  necked  pheasant,  Hungarian  partridge,  cougar,  pronghorn 
antelope,  sharp tail  and  sage  grouse.   Some  of  the  primary  nongame 


species  include  coyote,  prairie  dogs,  porcupine,  bobcat,  jackrabbits, 
and  various  rodents.   There  are  no  perennial-waters  located  on  the 
site;  however,  should  this  area  be  mined,  sediment  contributions 
resulting  from  uncontrolled  runoff  could  have  significant  impacts 
on  downstream  fisheries  habitat  since  discharges  drain  into  Otter 
Creek  which  is  tributary  to  the  Tongue  River.   Waters  capable  of 
supporting  fish  are  confined  to  the  Tongue  River  Reservoir,  its 
downstream  watercourses,  and  numerous  impoundments  constructed  prim- 
arily for  watering  livestock.   Due  to  the  fluctuations  in  water  levels 
and  temperature  resulting  from  irrigation,  the  occurrence  of  sal- 
monoids  is  by  artifical  stocking.   The  primary  species  are  sauger, 
catfish,  bullheads,  crappie,  perch,  and  various  "rough"  fish  such  as 
carp  and  suckers. 

The  major  recreational  use  is  in  the  form  of  sightseeing.   Montana 
Highway  212  passes  through  the  area  approximately  6  miles  north  of 
the  study  site.   This  highway  provides  access  for  tourists  through 
the  Crow  and  Northern  Cheyenne  Reservations.   It  is  also  a  direct 
route  to  the  Black  Hills  from  the  north. 
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Photograph  1  -  Aerial  view  of  the  Otter  Creek 
study  site  (Sees.  26  and  34,  T.  3  S.,  R.  45  E.  and  Sec.  2, 
T.  4  S.,  R.  45  E.).  A  portion  of  the  Otter  Creek  Valley 
is  shown  in  the  lower  left  corner  of  the  photograph.   This 
photograph  is  a  portion  of  the  Bureau  of  Land  Management 
Photograph  RCAP  -  7-2  (6/28/74). 


TOPOGRAPHY 

Distinctive  sandstone  ridges,  mesas,  and  escarpments,  dominate  much 
of  the  landscape  in  these  undulating  and  hilly  uplands  in  and  around 
the  Otter  Creek  site.   Erosional  forces  have  developed  a  branching 
drainage  pattern  that  flows  generally  northward  to  the  Yellowstone 
River.   These  natural  drains  empty  into  Otter  Creek  which  is  the 
only  perennial  stream  near  the  study  area.   It  has  a  moderately  wide 
alluvial  valley  with  an  incised  channel. 

Two  tributaries  of  Otter  Creek  extend  eastward  into  the  study  area. 
Home  Creek  is  on  the  north  and  Threemile  Creek  Valley  forms  the  south 
edge  of  the  area.   These  alluvial  valleys  are  lined  by  fans,  foot 
slopes,  and  stream  terraces.   Drainage  ways  extending  outward  from 
these  creeks  in  a  branching  pattern  have  eroded  the  beds  of  Fort 
Union  Formation  in  varying  degrees.   Many  gullies  with  steep  sides 
and  rounded  or  sharp  ridges  have  developed.   Erosion  at  the  gullies 
continues  to  cut  into  the  softer  geologic  beds  that  underlie  the 
uplands  and  tabular  divides.   Resistant  ledge  forming  sandstone 
borders  most  of  the  tabular  divides  and  many  raw  shale  exposures 
occur  just  below  the  sandstone  bluffs.   The  smooth,  very  gentle 
slopes  of  the  tabular  divides  blend  into  the  undulating  and  hilly 
uplands. 

The  elevation  of  the  study  area  ranges  from  3,065  feet  on  Threemile 
Creek  to  3,272  feet  at  the  highest  point  in  the  study  area.   This 
high  point  is  1,200  feet  north  of  the  south  1/4  corner  of  Sec.  34, 
T.  3  S.,  R.  45  E. 
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CLIMATE 

The  Otter  Creek  site  has  a  continental-type  climate.   It  is  cold  in 
the  winter,  warm  in  the  summer  and  large  diurnal  variations  are 
common.   Elevation  at  the  site  ranges  from  3,065  feet  to  3,272  feet. 
The  Broadus  weather  station  at  elevation  3,030  feet  receives  14.2 
inches  average  annual  precipitation  and  Birney,  at  elevation  3,190 
feet,  receives  an  average  of  13.7  inches  annually.   Torrential  rain- 
storms are  common  and  unprotected  soil  surfaces  may  erode  severely 
during  these  storms.   These  storms,  though  common,  may  not  cover 
large  areas.   Hailstorms  occasionally  cross  the  area,  but  these 
weather  extremes  do  not  place  the  area  in  any  particular  type  storm 
belt.  About  75  percent  of  the  precipitation  falls  as  rain  during 
the  growing  season.   Growth  of  native  range  is  rapid  during  May  and 
June  which  are  the  wettest  months  of  the  year. 

The  frost-free  period  (r32°  F.)  ranges  from  108  days  at  Birney  to 
120  days  at  Broadus.   The  growing  season  for  hardy  grasses  (28°  F.) 
in  average  years  begins  May  10  at  Birney  and  ends  131  days  later  on 
September  19.   Following  the  spring  rains,  July  is  hot,  dry  and 
windy  with  excessive  evaporation  and  evapotranspiration  rates. 
Humidity  is  low.   During  the  months  of  June,  July  and  August,  about 
32  days  have  a  temperature  of  90°  F.  or  higher.   Additional  temper- 
ature data  are  shown  on  table  1. 

The  climate  in  the  Otter  Creek  area  in  most  years  is  suited  for 
reclamation  of  surface-mined  land  because  the  spring  rains  are 
generally  adequate  for  establishing  stands  of  native  vegetation. 
The  13.7  to  14.2  inches  of  precipitation  received  in  average  years 
meet  the  requirement  of  range  vegetation  which  grows  rapidly  in  the 
late  spring  and  early  summer.   This  moisture  from  natural  precip- 
itation is  usually  depleted  by  established  plants  in  6  to  8  weeks 
and  the  plants  mature  and  become  dormant.   Consumptive  use  data  in 
table  2  shows  native  grasses  could  use  22.5  inches  of  moisture  if 
available,  but  it  also  shows  that  13.9  inches  or  the  average  annual 
precipitation  could  be  used  by  July  15.   Reclamation  of  surface- 
mined  land  is  very  difficult  in  areas  that  consistently  receive 
10  inches  of  precipitation  or  less  each  year.   In  this  area  years 
with  less  than  10  inches  of  annual  precipitation  are  not  common.   The 
Broadus  station  reported  less  than  10  inches  only  three  times  in  the 
last  37  years  and  Birney  only  once  in  the  last  21  years.   Variation 
in  annual  precipitation  in  the  area  is  recorded  on  figures  1  and  2. 


11 


Figure    I 


C      A     N     A     D     A 


WYOM  I  NG 


EXPLANATION 
AVERAGE    NUMBER   OF   DAYS  WITHOUT 
KILLING    FROST(32°F) 


II 

V 

120-130 


NOTES 
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Figure    2 
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GEOLOGY 


Regional  Geology 

The  Otter  Creek  Coalfield  is  located  in  the  northern  part  of  the 
Powder  River  Basin  in  southeastern  Montana.   This  basin,  a  part  of 
the  unglaciated  portion  of  the  Great  Plains  physiographic  province, 
is  about  225  miles  long,  extending  from  the  Yellowstone  River  in 
Montana  to  the  North  Platte  River  in  Wyoming.   It  is  about  90  miles 
in  width,  bounded  on  the  west  by  the  Bighorn  Mountains  and  on  the 
east  by  the  Black  Hills.   Structurally,  the  basin  is  an  asymmetrical 
syncline  with  a  northwestward  trending  axis  between  the  cities  of 
Douglas  and  Sheridan,  Wyoming.   South  of  the  Montana-Wyoming  border, 
the  synclinal  axis  changes  direction  to  a  northeastward  trend  roughly 
following  the  Tongue  River  in  the  direction  of  Miles  City,  Montana. 
An  estimated  18,000  feet  of  sediments  overlie  the  basement  complex 
in  the  deepest  part  of  the  basin  north  of  Glenrock,  Wyoming. 

The  geologic  history  of  the  area  since  Precambrian  time  includes 
periods  of  deposition,  deformation,  and  erosion.   During  the  Paleozoic 
and  Mesozoic  Eras,  a  sequence  of  carbonates,  sandstones,  and  shales 
were  deposited  throughout  Montana  and  Wyoming.   Thickness  of  these 
sediments  on  the  west  side  of  the  basin  varies  from  9,000  feet  near 
Yellowtail  Dam  to  11,500  feet  near  Buffalo,  Wyoming.  About  6,500  feet 
of  Paleozoic  and  Mesozoic  sediments  are  present  in  the  Black  Hills 
area  on  the  east  side  of  the  basin. 

The  area  was  relatively  stable  during  these  periods  with  deposition 
occuring  generally  under  a  marine  environment.   Deformation  of  these 
strata  began  with  the  Laramide  Revolution  near  the  close  of  the 
Mesozoic  Era  (Late  Cretaceous) ,  at  which  time  mountain  masses  such 
as  the  Bighorns  and  Black  Hills  were  uplifted.   Uplift  continued 
throughout  Paleocene  and  gradually  ended  in  Eocene  time.   Materials 
stripped  from  the  mountains  were  deposited  in  fans  or  sheets  across 
the  basin  floors,  gradually  burying  the  flanks  of  the  mountains  in 
their  own  debris.   By  the  middle  of  the  Cenozoic  Era,  the  basins  were 
largely  filled  and  the  mountains  peneplained.   In  Pliocene  time,  a 
broad  regional  uplift  occurred  and  continued  intermittently  into 
Pleistocene  time.   This  uplift  raised  the  previously  developed  pene- 
plain surface  to  elevations  of  about  10,000  feet  in  the  Bighorn 
Mountains.   Streams  rejuvenated  by  the  uplift  excavated  the  basins 
and  exhumed  the  buried  mountain  masses. 

Today,  Precambrian  rocks  are  exposed  in  the  cores  of  the  Black  Hills 
and  Bighorn  Mountains.   These  rocks  are  surrounded  by  sediments  of 
the  Paleozoic  and  Mesozoic  Age.   The  central  part  of  the  basin  is 
filled  with  Cenozoic  (Tertiary)  sediments.   Plate  4  is  a  generalized 
map  of  the  regional  geology  of  the  basin  area. 
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Site  Geology 
Investigations 

All  of  the  area  involved  in  the  Otter  Creek  study  has  been  mapped 
by  the  U.S.  Geological  Survey  and  the  Montana  Bureau  of  Mines  and 
Geology.   Publications  covering  these  investigations  are  listed  in 
the  bibliography. 

Surface  and  subsurface  investigations  were  conducted  in  the  Otter 
Creek  study  area  between  July  of  1974  and  February  of  1975.   These 
investigations  included  both  detailed  land  classification  and  inven- 
tory of  the  surface  soils,  mapping  of  the  surface  geology,  and  the 
drilling  of  eight  holes  ranging  in  depth  from  146.1  feet  to  413.8  feet 
Continuous  cores  were  obtained  from  seven  of  the  drill  holes 
(DH  74-101  through  -107)  for  geologic  logging,  the  selection  of 
samples  of  the  bedrock  overburden  materials,  and  coal  for  laboratory 
analyses.   Drill  Hole  75-108  was  completed  outside  the  area  as  a  water 
well  for  study  of  the  area  ground-water  regimen.   The  site  locations 
of  the  deep  drill  holes  are  shown  on  the  Geologic  and  Investigations 
Map,  plate  5.   Geologic  Profiles  and  detailed  geologic  logs  of  the 
drill  holes  are  shown  on  plates  6  through  17. 

All  the  deep  drill  holes  were  drilled  to  a  depth  of  20  to  30  feet 
below  the  Knoblock  coalbed.   Three  of  the  holes  (DH  74-101,  -102, 
and  -105)  were  drilled  through  the  Flowers-Goodale  coalbed.   Samples 
for  qualitative  analyses  of  the  coal  were  taken  from  all  the  major 
coalbeds. 

Plastic  pipes  ranging  from  2-inch  inside  diameter  to  4-inch  inside 
diameter  were  installed  in  the  drill  holes  for  the  ground-water 
studies  being  conducted  by  the  U.S.  Geological  Survey.   This  study 
will  require  several  years  to  complete. 

Detailed  geologic  mapping  on  a  scale  of  1  inch  equals  1,000  feet  was 
done  in  the  field  on  aerial  photographs.   These  data  were  transferred 
to  a  topographic  map  of  the  same  scale  and  are  shown  on  plate  5. 

The  core  drilling  was  performed  using  a  Failing  Model  314  rotary 
drill  rig  with  a  large  series,  2-3/4-inch  by  3-7/8-inch  core  barrel 
in  a  5-foot  length  in  some  holes  and  an  "H"  series  wire  line  core 
barrel  in  others.   Coring  with  air  was  unsuccessful  because  the 
moist,  plastic  clay  cuttings  could  not  be  removed  by  this  means. 
Water  was  used  as  the  drilling  fluid  in  all  holes.   The  source  of 
water  was  Otter  Creek  for  Drill  Hole  74-101  and  the  Tongue  River 
for  the  remaining  holes.   The  change  in  source  was  made  to  eliminate 
a  potential  contamination  factor  as  the  Otter  Creek  water  was  quite 
high  in  dissolved  solids. 


Bentonite  was  used  in  the  drilling  fluid  in  those  zones  in  which 
lost  circulation  occurred.   This  was  chiefly  in  the  highly  fractured 
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and  jointed  coals.   Contamination  of  drill  cores  either  from  use 
of  highly  mineralized  water,  additives  such  as  bentonite,  or  from 
drill  cuttings  from  strata  of  different  chemical  characteristics 
has  been  a  much  discussed  subject.   This  potential  is  presently 
being  investigated  on  cores  obtained  using  drill  fluids  with  in- 
duced high  salt  content  and  with  additives  such  as  bentonite.   The 
analyses  of  these  samples  are  being  compared  with  those  obtained  by 
drilling  with  air  and  from  the  face  of  a  highwall  all  within  the 
same  site.   Preliminary  field  checks  made  by  adding  a  flourescent 
dye  (Flourescein)  to  the  drill  water  and  checking  the  obtained  cores 
under  an  ultra-violet  black  light  indicates  that  penetration  by  the 
drill  fluid,  if  any,  is  less  than  1  millimeter  and  can  be  easily 
removed  in  the  preparation  of  the  sample  for  laboratory  testing. 

Use  of  drilling  tools  larger  than  the  standard  exploratory  sizes  was 
dictated  by  (1)  necessity  to  maximize  core  recovery,  (2)  provide 
sufficient  sample  for  laboratory  and  greenhouse  studies  from  zones 
as  thin  as  5  feet,  and  (3)  to  minimize  the  contamination  potential. 
The  3-3/4-inch  outside  diameter  hole  also  allowed  placement  of  2-inch 
pipe  for  ground-water  level  monitoring  and  sampling  without  additional 
reaming.   Reaming  was  necessary  where  larger  diameter  wells  for  pump 
testing  were  desired. 

The  use  of  wire  line  drill  tools  was  found  to  be  faster  than  conven- 
tional drill  tools  below  depths  of  75  feet.   To  depths  less  than 
75  feet,  there  did  not  appear  to  be  any  significant  advantage.  Most 
of  the  drilling  was  accomplished  using  bottom  discharge  bits  set  with 
tungsten  carbide  inserts.   Both  preset  and  field  set  bits  were  used. 
The  chief  advantage  of  field  setting  is  better  control  of  bit  gage, 
both  inside  and  outside,  which  in  some  of  the  softer  rocks  can  be  used 
to  increase  core  recovery. 

The  recovered  drill  cores  were  placed  in  5-foot-long  core  boxes  which 
had  been  covered  with  a  sheet  of  4-mil  polyethylene  plastic  which 
could  be  folded  over  the  cores  to  prevent  loss  of  moisture  and  a 
change  of  physical  state  until  logging  and  sampling  could  be 
accomplished. 

Details  of  the  techniques,  procedures,  and  standards  used  in  the 
soils  investigations  are  given  in  the  section  on  soils. 

Stratigraphy 

The  three-section  study  area  is  part  of  a  peninsula-like  bedrock  high 
bounded  on  the  north  by  Home  Creek,  on  the  south  by  Threemile  Creek, 
and  on  the  west  by  Otter  Creek. 

Two  major  topographic  benches  lie  within  the  study  area.   The  lowest 
bench  is  composed  of  resistant  clinker  and  lies  40  to  180  feet  above 
the  creek  flood  plains.   The  second  or  highest  bench  lies  60  to 
100  feet  above  the  clinker  and  forms  the  topographic  highs  in  the  study 
area.   The  upper  bench  is  controlled  by  a  persistent  sandstone  ledge. 
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Incised  drainages  developed  in  the  highest  bench  generally  converge 
after  reaching  the  resistant  clinker  area. 

Three  distinct  zones  were  mapped  in  the  study  area  as  shown  on  the 
Geologic  and  Investigations  Map,  plate  5.   These  include  deposits 
of  alluvium,  altered,  and  unaltered  sediments  of  the  Tongue  River 
Member  of  the  Fort  Union  Formation. 

The  Fort  Union  Formation  of  Paleocene  Age  underlies  the  entire  area. 
It  is  divided  into  the  Tulloch,  Lebo,  and  Tongue  River  Members,  but 
only  the  lower  part  of  the  Tongue  River  crops  out  or  was  penetrated 
by  drilling  in  the  study  site.   The  Tulloch  and  Lebo  Members  lie  at 
lower  elevations  and  are  not  involved.   The  upper  part  of  the  Tongue 
River  and  younger  sediments  such  as  the  Wasatch  Formation  of  Eocene 
Age  have  been  stripped  away  by  Late  Tertiary  erosion.   Recent  deposits 
of  alluvium  mantle  the  Tongue  River  Member  along  Home,  Threemile, 
and  Otter  Creeks.   Brief  descriptions  of  the  Cenozoic  stratigraphy 
follow: 

Fort  Union  Formation  (Paleocene  Age) : 

Tulloch  Member  -  consists  of  yellow-gray  continental 
deposits  of  sandstone,  shale,  carbonaceous  shale,  and 
impure  coal.   It  overlies  the  Late  Cretaceous  Hell  Creek 
Formation.   It  varies  in  thickness  from  275  to  500  feet 
in  the  Montana  portion  of  the  Powder  River  Basin. 

Lebo  Member  -  composed  of  drab,  dark  gray,  continental 
deposits  of  shale  which  contrasts  sharply  with  the 
light-colored  overlying  Tongue  River  and  underlying 
Tulloch  Members.   Soil  from  the  Lebo  supports  very  little 
vegetation.  A  basal  coalbed,  "Big  Dirty,"  separates 
the  Lebo  from  the  Tulloch  Members.   It  underlies  the  study 
area  but  was  not  penetrated  by  drilling,  and  varies  in 
thickness  from  300  to  600  feet  in  the  Montana  portion  of 
the  Powder  River  Basin. 

Tongue  River  Member  -  consists  of  pale-olive  to  yellowish- 
gray  sandstone,  silts tone,  shale,  carbonaceous  shale  and 
coal  with  thin  lenticular,  calcareous  or  siliceous  cemented 
concretions,  light  to  dark  gray  where  unweathered,  and  fossil- 
iferous  in  shales  and  siltstones.   Poorly  silicified, 
fragmented  tree  trunks  are  common  in  zones.   These  sediments 
were  deposited  in  a  continental  environment  which  includes 
swamps  conducive  to  the  production  of  coalbeds  up  to 
65  feet  in  thickness  in  the  study  area,  and  varies  in  thick- 
ness from  1,150  to  1,900  feet  in  the  Montana  portion  of 
the  Powder  River  Basin. 

One  striking  feature  in  the  Tongue  River  Member  is  the 
resistant  clinker  zones,  locally  called  "scoria,"  that 
cap  ridges  or  armor  valley  walls.   The  clinker,  which  is 
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fused  or  baked  rock,  was  produced  by  the  burning  of  under- 
lying coalbeds  along  their  outcrops.   The  clinker,  in  places 
where  the  heat  was  sufficiently  intense,  has  been  fused  to 
dark  gray  to  black  and  in  many  respects  resembles  vesicular 
basalt.   Near  the  outer  edge  of  thermal  metamorphism,  the  rock 
is  disoriented,  baked,  and  red  to  orange  in  color.   Alteration 
of  the  overlying  material  is  roughly  proportional  to  the  orig- 
inal thickness  of  coal  that  has  burned.   A  coalbed  50  feet 
thick  will  produce  clinker  zones  100  to  200  feet  thick.   The 
clinker  may  be  highly  permeable,  and  locally  supplies  water  to 
springs  which  surface  near  the  base  of  the  altered  sediments. 
Growths  of  ponderosa  pine  are  quite  conspicuous  in  the  clinkered 
areas.   Boulders  of  clinker,  erosional  remnants  of  strati- 
graphically  higher  altered  zones,  are  scattered  along  the  upper 
benches  in  the  study  area. 

Wasatch  Formation  (Eocene  Age) : 

Consists  of  varicolored  shale,  siltstone,  and  sandstone. 
Locally  conglomeratic,  this  formation  overlies  the  Fort 
Union  Formation,  but  does  not  occur  in  the  study  area. 
Further  to  the  south,  near  the  Montana-Wyoming  border, 
about  500  feet  of  Wasatch  rocks  are  found.   Coal  deposits 
of  commercial  grade  occur  in  the  Wasatch  in  Wyoming. 

Isolated,  undifferentiated,  deposits  of  Pleistocene  sand 
and  gravel  cap  higher  ridges  in  the  region  but  are  not 
involved  in  the  study  area  with  the  possible  exception  of 
some  terraces  which  were  included  with  alluvial  deposits 
on  the  Geologic  and  Investigations  Map,  plate  5. 

Alluvium  (Recent  Age) : 

Consists  of  clay,  silt,  sand,  and  gravel  that  cover  valley 
floors  of  major  drainages.   Gravels  are  generally  composed 
of  clinker  and  hard  shale  or  sandstone  fragments.   These 
deposits  fill  the  valley  floors  along  Home,  Threemile,  and 
Otter  Creeks.   Soils  investigations  indicate  that  the 
alluvium  is  over  20  feet  thick. 

A  near  continuous  band  of  thermally  altered  clinker  produced  by 
burning  of  the  Knoblock  coalbed  along  its  outcrop  lies  between 
the  alluvium  and  unaltered  Tongue  River  sediments.   This  belt 
varies  from  several  hundred  feet  on  the  south  to  over  5,000  feet 
in  width  on  the  north  side  of  the  study  area.   About  34  percent 
of  the  three-section  area  investigated  is  underlain  by  clinker 
up  to  200  feet  in  thickness.   A  typical  exposure  of  highly 
metamorphosed  clinker  is  shown  in  photograph  2. 

The  contact  between  baked  and  unbaked  rock  trends  diagonally 
from  the  northeast  through  the  southwest  corners  of 
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Sections  26  and  34,  T.  3  S.,  R.  45  E.   Clinker  also  underlies  most 
of  the  southwest  quarter  of  Section  2,  T.  4  S.,  R.  45  E.   Exposures 
of  altered  and  unaltered  rock  are  shown  in  photograph  3.   The  lower 
bench  on  the  left  is  clinker  while  the  higher  bench  on  the  right  is 
unaltered  Tongue  River  sediments. 

Some  coal  may  remain  beneath  the  clinker  belt  in  the  study  area. 
Evidence  supporting  this  is  the  unburned  rock  exposure  surrounded 
by  clinker  in  the  east  half  of  Section  33,  T.  3  S.,  R.  45  E.   Sub- 
surface explorations  and  surface  mining  in  other  areas  also  indicate 
that  lower  sections  of  thick  coalbeds  have  not  always  burned  beneath 
clinkered  areas.   An  extensive  drilling  program  would  be  required  to 
determine  the  amount  of  coal,  if  any,  which  underlies  the  thermally 
altered  rock.   For  the  purpose  of  this  report,  the  contact  between 
baked  and  unbaked  rock  was  assumed  to  be  vertical  and  that  all  coal 
underlying  clinker  has  been  burned. 

The  central  and  southeastern  portions  of  the  mapped  area  are  underlain 
by  unaltered  Tongue  River  sediments.   All  subsurface  investigations 
were  conducted  in  this  area.   Drilling  penetrated  an  alternating 
sequence  of  shale,  siltstone,  sandstone,  and  coal  which  included  a 
470-foot  stratigraphic  section  lying  between  a  horizon  320  feet  above 
and  150  feet  below  the  base  of  the  Knoblock  coalbed.   Detailed 
descriptions  of  materials  encountered  in  each  drill  hole  are  given 
on  the  geologic  logs  of  drill  holes,  plates  9  through  17.   In  general, 
the  shales  vary  from  soft,  plastic  clayshale  to  moderately  indurated 
clay stone.   The  shale  and  siltstone  zones  break  down  readily  and  form 
slopes  below  sandstone  ledges.   The  sandstones  are  fine  grained  and 
generally  uncemented  except  as  lenticular,  concretionary  masses  of 
small  lateral  extent.   Correlation  of  clastic  sediments  over  short 
distances  is  difficult  due  to  physical  changes  and  variation  in  bed- 
ding thicknesses.   The  generalized  geology  of  the  three-section  area 
is  shown  on  the  block  diagram,  plate  8. 

Eleven  persistent  coal  and/or  carbonaceous  shale  beds  were  encountered 
in  drilling.   These  are  labeled  A  through  K  on  the  Geologic  Sections 
X-Y  and  X-Z,  plates  6  and  7.   Five  of  these  beds,  A  through  E,  were 
mapped  at  the  surface  and  are  shown  on  the  Geologic  and  Investigations 
Map,  plate  5. 

The  Knoblock  (F)  is  the  only  coalbed  in  the  study  area  considered 
economically  feasible  to  surface  mine.   Subsurface  explorations  in 
the  study  area  indicate  that  this  bed  averages  60.9  feet  in  thickness 
under  overburden  ranging  from  30  to  220  feet  thick. 

The  Flowers-Goodale  coalbed  which  is  8  to  10  feet  thick  lies  105  to 
120  feet  below  the  Knoblock.   Because  of  the  thickness  of  overburden, 
surface  mining  of  this  bed  in  conjunction  with  the  Knoblock  is  not 
considered  economically  feasible. 

The  remaining  coal  and/or  carbonaceous  beds  (A  through  E,  G  through  I, 
and  J)  are  generally  under  4  feet  thick.   None  are  of  economic 
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significance.   Three  beds,  A  through  C,  probably  represent  the  upper, 
middle,  and  lower  benches  of  the  Sawyer  coal  zone.   North  of  the 
study  area,  these  beds  thicken  and  converge  into  a  potentially  mine- 
able coalbed. 

Structure 

Sediments  in  the  study  area  are  generally  flat  lying.   However,  minor 
folds  or  flexures  were  apparent  at  the  surface.   Two  small  anticlines 
and  one  syncline  were  mapped  in  Section  34,  T.  3  S.,  R.  45  E.   The 
two  structures  in  the  northeast  quarter  are  possibly  the  result  of 
collapse  resulting  from  burning  of  the  Knoblock  coalbed  beneath  the 
adjacent  clinker  area.   The  east-west  trending  anticline  in  the 
southern  part  of  Section  34  may  be  a  depositional  feature  rather 
than  deformation  as  the  structure  does  not  continue  with  depth. 
Photograph  4  is  a  panoramic  view  showing  the  anticlinal  structure 
in  the  south  half  of  Section  34. 

The  most  prominent  flexure  in  the  area  is  the  north-northwest  trend- 
ing syncline  in  Sections  26,  35,  and  36,  T.  3  S.,  R.  45  E.   This 
flexure  terminates  in  flat  lying  sediments  westward.   Eastward  the 
fold  increases  in  magnitude  and  ends  as  a  monoclinal  fold  or  possible 
fault  in  the  northwest  corner  of  Section  36. 

In  places,  sediments  adjacent  to  the  clinker  areas  dip  towards  the 
altered  rock.   Typical  examples  of  this  are  the  slide-like  blocks 
in  the  northwest  corner  of  Section  2,  T.  4  S.,  R.  45  E.   This  collapse 
is  attributed  to  the  burning  and  reduction  in  volume  of  the  under- 
lying coal. 

Structure  contours  representing  elevations  on  top  of  the  Knoblock 
coalbed  are  shown  on  the  Overburden  Thickness  Map,  plate  18.   These 
contours  were  prepared  using  information  obtained  from  the  drilling 
done  for  this  study  and  from  the  logs  of  holes  drilled  by  the 
Montana  Bureau  of  Mines  and  Geology.   These  contours  show  an  approxi- 
mate east-west  trending  syncline  or  sag  exists  near  the  center  of 
the  study  area  which  is  not  surface  reflected  as  the  stratigraphically 
higher  Sawyer  coalbeds  are  nearly  flay  lying. 

Geotechnical  Properties 

This  section  contains  the  results  of  selected  physical  properties 
tests  of  rocks  from  the  Fort  Union  Formation  in  the  Otter  Creek  study 
site.   The  rocks  were  obtained  from  Drill  Holes  74-105  and  74-106, 
the  locations  of  which  are  shown  on  plate  5.   Testing  was  done  at  the 
drill  hole  site  and  also  at  the  Engineering  Geology  Laboratory  of 
the  U.S.  Geological  Survey,  Denver,  Colorado.   The  purpose  of  this 
study  is  to  gather  and  make  public,  data  on  the  physical  properties 
of  the  Fort  Union  Formation  which  relate  to  coal  mining  operations  in 
this  area,  and  to  continue  engineering  geologic  research  in  the  Powder 
River  Basin. 
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Photographs  2  and  3 
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PHOTOGRAPH  2  -  OTTER  CREEK  STUDY  SITE  -  OTTER  CREEK 
COAL  FIELD,,  View  looking  northwest  at  highly  metamorphosed 
clinker  deposit  in  NE3  Section  4,  T.  4  S.,  R.  45  E.   Otter  Creek 
flood  plain  is  shown  in  background  on  left  side  of  photograph. 
U.S.  Bureau  of  Reclamation  Photograph  P-1305-600-1  (NA)  11/15/74 


PHOTOGRAPH  3  -  OTTER  CREEK  STUDY  SITE  -  OTTER  CREEK 

COAL  FIELD.  View  looking  northeast  at  contact  between  baked 

and  unbaked  rock.  Photograph  taken  from  trail  about  800  feet 

north  of  center  Section  26,  T.  3  S.,  R.  45  E.   Lower  ledge  on 

left  is  clinker.   Higher  ridge  on  right  is  unaltered  Tongue 

River  sediments.   Home  Creek  is  shown  in  background  on  left 

side  of  picture. 

U.  S.  Bureau  of  Reclamation  Photograph  P-1305-600-2 (NA)  11/15/74 
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Photograph  4 
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Testing  of  the  rock  samples  has  followed  ASTM  procedures  wherever 
possible.   The  ASTM  test  designations  are  listed  in  the  explanatory 
notes.   The  other  tests  that  are  not  accepted  as  ASTM  standards,  are 
included  in  this  report  as  research  and  experimental  information. 

Engineering  Geology 

Approximately  400  tests  were  performed  on  the  72  rock  samples  that 
were  taken  for  study.   The  results  of  these  tests  indicate,  but  do 
not  prove,  engineering  geologic  problems  associated  with  the  in-place 
material  and  the  disturbed  material. 

Compressive  and  tensile  index  tests  performed  on  the  rock  samples 
generally  have  low  values,  with  only  a  few  exceptions.   These  data, 
and  the  physical  properties  data;  Atterberg  Limits,  Gradation  (grain- 
size  distribution),  suggest  careful  design  in  slopes,  open  mine  faces 
and  open  pit  floors.   Disturbed  overburden  material  (spoil  banks  and 
piles),  should  have  slopes  not  greater  than  1  to  4,  with  berms  of  50 
to  100  feet  in  width  designed  on  the  slope  surface.   Ponding  of  water 
on  the  surface  of  the  disturbed  material  is  not  recommended,  unless 
the  ponded  area  is  mechanically  compacted  and  sealed  to  prevent  excess 
water  from  permeating  and  saturating  the  disturbed  material.   Over- 
burden should  be  removed  at  least  one  cut  width  (  100  ft)  away  from 
the  working  face  of  an  open-pit  mine.   The  floors  of  open-pit  mines 
will  need  adequate  drainage  to  keep  the  moisture  content  of  the  floor 
material  below  the  plastic  limit.   The  results  of  the  tests  are  shown 
on  plate  19. 

Weathering  Tests 

Weathering  tests  were  conducted  on  17  overburden  core  samples  from 
the  Otter  Creek  Site.   The  purpose  of  these  tests  was  to  determine 
which  materials  would  weather  (break  down)  sufficiently  to  allow  for 
their  possible  use  as  topsoil  in  revegetation  of  strip-mined  areas. 

Duplicate  specimens  from  each  core  depth  were  selected  for  either 
freeze-thaw  or  wet-dry  tests.  The  freeze-thaw  cycle  consisted  of 
the  following: 

1.  Wetting-thawing  cycle:   8  hours  at  75°  F,  100  percent 
relative  humidity. 

2.  Freezing  cycle:   16  hours  (64  hours  on  weekends)  at  -10°  F. 
The  wet-dry  tests  (one  cycle)  consisted  of  the  following: 

1.  Wetting  cycle:   8  hours  at  75°  F,  100  percent  relative 
humidity. 

2.  Drying  cycle:   16  hours  (64  hours  on  weekends)  at  100°  F, 
10  percent  relative  humidity. 
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Where  possible,  core  specimens  about  2  inches  in  diameter  by  2  inches 
high  were  used.   In  other  cases,  several  pieces  of  core  samples 
totaling  the  approximate  same  size  were  used.   For  testing  and 
handling,  the  core  specimens  were  placed  in  1-pint  wax  cardboard 
containers. 

Tests  were  started  on  January  30,  1975,  and  30  weathering  cycles  were 
completed  on  March  14,  1975.   During  the  test  period,  the  specimens 
were  visually  examined  several  times  a  week  to  determine  what  changes 
had  occurred. 

On  completion  of  the  testing,  a  percent  breakdown  value  (%  BD)  was 
determined  for  a  number  of  the  specimens.  This  value  was  obtained 
as  follows: 

%  BD  =  TW  -  IW  x  100 


TW 


Where 


TW  ■  Total  sample  weight. 

IW  =  Weight  of  original  sample  remaining  intact  after  testing. 

No  percent  BD  was  determined  for  samples  which  exhibited  swelling 
characteristics . 

The  results  of  the  weathering  tests  indicated  that  the  freezing- 
thawing  condition  generally  caused  more  weathering  or  breakdown  than 
wetting-drying.   This  was  evident  by  both  visual  examination  and 
gradation  analyses  conducted  on  several  samples  after  testing. 

Of  the  17  samples  tested,  only  four  (24%)  exhibited  sufficient  break- 
down to  attain  the  texture  required  for  topsoil,  that  is,  30  percent 
by  weight  of  the  soil  passing  the  No.  10  screen.   In  the  field,  how- 
ever, these  materials,  primarily  shales,  will  probably  weather  at 
different  rates,  and  this  will  require  various  methods  of  handling, 
storing,  and  processing  before  they  are  suitable  for  use  as  topsoil 
in  revegetation. 
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stone  washed  away  during  drilling  be. 
tveen  271.1  to  281.0'. 


fficulty, 
266.4   • 


..5-266.7   COAL: 


;  hairline  \ 


6.7-298.7    SILTY 


__   _       Light  gray; 

ly   hard;    thin  bedded   to 

ult  cutting  with  knife; 


298.7-302.0  SILTY  LIMESTONE:      Light   grayt 
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.28.5-187.5  COAL:      Moist   to  wet;   chip* 
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79.2  to   121.7' 


Lab   Sample     G-39 


;ft- 


81.4        22. ( 


an 


FT.    UNION  FORMATION   -   TERTIARY 


-21. ■)    CLAYEY    SILTS TOSE.    WITH    SIXTY 


SHALE;  ' 
17.0  to 
&   18.2   El 

to   thln-l 


..9-22.6   SILTY  5ANDST0SE 


31.1   SILTY   SHALE  WITH   CLAYEY   SILT- 


fll 


by  knife) 
easily  wl< 
to  very  fl 
27.0  to  31 
27.0   to   31 

Silt! 


26.  i 


1   27 


31.1-32.0  I 


.0  co  26.7';  sofc  (cui 
knife)  26.7  Co  27.0'; 
(can  be  trimmed  by  ki 
';  cones  26.0  Co  26.7 
'  are  calcareous;  cla; 
.6  Co  24.6';  plaaclc  shal 


■iv    ..,■■■        U    I  _!tVU 


Firm,  dark  gray,  fo: 
oaceous  shale  31.1  1 
to  32.0'. 


SILTY    SHALE 


pla: 


ley  1 


■lth  knife);  ch 
isalve;  Incipient  fia 
leal  fractures  32.0 
engths    1 


J.i.-> 


36.0';  . 
1   SILTSTOHE  WITH  SAMDSTOKE: 


slightly  oxidised  44,6  t 
Tay  47.4  Co  50.4';  light 
slightly  oxidised  50.4  t 
ulverized,    sllty,  fine 


stlcstone  45.8    Co  46.0' 

fine   grain  sandstone 
clayey   slltscone  46.9    C 
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bolero  74rl04        location  *             ghouhdVlev    .  3204. 

BEGUN        9/23/74       FINIlHtTC    10/2/74            DEPTH  OF  OVERBURDEN                  -        .     .       DEPTH., 

°LEv!^**8oEo-rt0KE^\T"[.       134-5'      10/2/74.        .        .    logged  by.       Taucher. 

DIP  fANGIJi  hHOUIIORIl  ,     y?rtlcal 
22.2,5  .    BEARING.  ■     ■                '               

Dl"iioS3s 

MnTc 

°s 

PERCOLATION  TE1TS 

M  Z 

l1 

I J 

m    | 

I  \i 

110- 

Hole  at  121.7'   9/26  l  *" 
74.     6"  CS  at  9.0'. 
H.L.  at  93.0'.  Hole 
squeezing  below  80' 
Wash  rods   80   to 
121.7'.      2-3/4" 

I40- 

Hole  at  151.4'   9/27 
74.      6"  CS   at  9.0'.    , 
W.L.  at  107.2'.            l5°- 
Hashed   through  40' 
of   cave  &  cuttings. 
2-3/4"   core   151.4 
to    166.0'.       Drillin  ; 
delayed  by  wet   flel 
conditions.                      *°' 

Hole  at  166.0'    9/30 
74.     6"  CS  at  9.0'. 
H.L.   at  130.0'. 
2-3/4"   core    166.0        l7°: 
Co   189.2'.      Lost 

JJSS  "  ag°of'ben-          ' 

Itonlte.H.L.    at   127.    ' 
end   of   shift.      (Ho 
drill  mud   on  probe)    l80: 

Hole  at  169.2'    10/1 
74.     6"  CS  at  9.0' .    1« 
H.L.  at  134.8'. 
2-3/4"  core  189.2 
to  212.5'.     no  dm 

Hauled  two   loads  of 

100 

100 
LOO 

L00 

100 

100 

100 

1      <      '      1 

Lab  Sample ' G-49               XrV 

iot. 0  toim.7         jog 

Lab  iample  G^50    !              CVS 
111.7   tol  121.7             XXS 

Lab   (ample   Gi51                 300 
121.7    to   128.71             WS 

3098.3'    105. 
lio- 

U0- 

47.8';   moderately  cemented,    fine   grain 
sandstone  47 . B   to   50.21;   allcatone   50.2 
Co   51.0';    silCy,    uncemented    (pulverised) 
sandstone   51.0   to   51.4';   clayey   silCsCon 
51.4    Co   53.1'.      Slltscone    Le    firm  6  can 
be   trimmed   by  knife;   core   lengths   up   Co 
1*. 
J3. 1-105.7    SANDSTONE   WITH   SOME    CLATEY 

'"" 

SILTSTOHE    ^OKES:       Ll*ht    Bray    Co    tan   & 
oxidized   57.5   to   57.8',    78.0   Co   80'; 

83.5  to  83.7';  93.7   to  93.9'  t.  97.9  Co 
98.4';  remaining  material   Is   light   gray 
6  unoxidlzed;   moist;   weakly   cemented, 
friable,    fine   grain  sandstone   53.1   Co 
77.5';    thin-bedded,    uncemented,    fine 
grain  sandstone    that  begins   to  wash  away 
during  drilling  77.5  to  79.2';  weakly 
cemented,    friable,    fine   grain  sandsCone 
79.2  to  79.6';  uncemented,   pulverised 

79.6  Co   89.5';   weakly   cemented,    friable, 
fine   grain   sandsCone   89.5   to  93.2';    firm 
slltscone   93.2    to  94.2';   uncemented, 
pulverised   (like   river   sand),  fine   grain 
sandstone   94.2    Co  96.9';    flra,clayey 
slltscone   96.9    to   98.2';    firm,   weakly 

.98.2   to  99.0';    firm,clayey   slltitione 
99.0  to  99.8';  weakly  cemented,    friable, 
fine  grain  sandstone  99.6  Co  101.7'; 
firm  allCstone    101.7   co   102.5';   weakly 
cemented,    friable,    fine  grain  sandstone 
102.5   to   104.0' ;    flrm,clayey   slltscone 
104.0   Co   104.7';    thin-bedded, noo   to 
weakly  cemented, fine   grain   sandstone 
104.7  to  105.7';  core   lengths  to  11}'. 

105.7-128.7   CLAYEY  SILTSTOKE  TO  SILTY 

mA 

™ 

c-52 
200.7 

1 

3075.3 
3014.8 

128.7 
130- 

kM 

100 

100 
TW 

100 

100 
100 
100 

LOO 
LOO 

LOO 
L00 

100 

ioo 

I 

mil 

170- 
189.2 

SHALE:      Light   gray;   moist;   material 
varies    from  clayey   slltstone    to   sllty 
shale;    low   to  medium  plasticity  when 
reworked;    Incipient   flsslllty;   difficult 
trimming  with  knife;   weakly  cemented, 
friable,    fine   grain   sandstone   106.7    to 
107.0';   sofc   shale  411.0   to   111.3'; 
carbonaceous   116.6   Co   116.7';   medium 
gray,    firm  shale    Chac   begins  to  air   slack 
118.0   Co   119.6';    sllty,    thin-bedded, 
uncemented,   friable  sandstone  120.4   Co 
121.7';  alley  ahale   125.5  Co  128.7'; 

127.0  to  128.7'. 

128.7-189.2  COAL:      Good   core;   core                1 

191.2   to 

3012. 8 i 191.1 
3010.21 193.8 

3006.6   197.4 

.    lengchs    1   co    18";   vertical  hairline 
wbiCe   (7)   staining   running   length  of 

c. 

&   1710'    S.   of  HE   Cor 

er   Sec.    26.,   T.    3  S. , 

E.PLANATI0 

B" 

R.   45  B. 

& 

:g: 

"& 

■&> 

l:i!ilf:,:; 

Hole   ac   212.5'    10/2 
74.      6"  CS   ac  9.0' 
H.L.   at   134.5'. 
2-3/4"  core  212.5 
to  222.5'.      Moved 
equipment   to  DH   74 
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O  .74-104 
.  9/23/74  . 


Montana 
,    .vertical  . 


Hole   at 

222.5' 

f» 

75.     8' 

CS  ac  3 

Reamed 

(7k")  ho 

3.0  to 

46.2'. 

75.      8 

CS  ac  3 

0*. 

Drill  r 

lud  at  20 

46.2  t 
Hole  a 

(7k" )  ho 
140.7'. 
222.5' 

■ 
IV 

75.      8 

CS  ac  3 

0' 

Reamed 

(7k")   ho 

e 

140.7 

0   201.7' 

Role   a 

222.5' 

L/2< 

75.     8 

CS  iC  3 

0' 

installed   203.5 

4"  pla 

cic   ?lpe 

In 

Pipe  p 

rfonced 

1 

133.7 
Gravel 

.0  193.7' 

(pea)   pa 

Eke. 

around 

pipe.      B 

Ill 

ed   hoi 

e   to   150' 

to  ball 

low   15 

u  hole"' 

equale 

lied  out. 

Fulled 

6"  CS. 

*490'   H.   t.   1710'   S. 
of  NE  Corner  Sec 
26,  T.  3  $.,  R. 


2990.3 
2986.5 


FT 


SHALE:      KedU 


191.2-193. S  CLAYEY   SILT'-TOrffi: 


with 

plas 

medium   tc 
191.2   to 
ticity  wh« 

191.6';   wet;    low   to  ma< 
n   reworked;    thin-bedded 

silt 

be   trltmaac 
e   191.2   C< 
J  tone    191 

by  knife.      Sllty   sand- 
191.5';  clayey  to  sand 
S   Co   193.8'. 

L93.8 

-197.4   SIXTY  SANDSTONE:      Liltht   at 

friable; 

by    I 

atad 

,   2   co   12 

ro«lleng"°!edi    lni" 

L97..4 

-200.7   SAI 

IDY  TO  CLAYEY  SILTSTOKE 

Llghc 

cop   grading   1 


,   clays, 
.17  pl«. 


landy    slid 


>  Chin-bedded  n**r 
-ccoo;  upper  part  Is  friable;  can  be 
toned  by   knlfa;    1   to   18"  core    length 

1.7-201.7  COAL  &  CARBONACEOUS   SHALE: 


ale 


201.7-202.6  CARBONACEOUS   ; 


202.  £ 

ark   gr 
us;   pi 

■aed  by 

-213.7 

•  tic;   cue   by   sllckeoslc 
lea;    Chin-bedded;    can 
knife;    1   to   3"  core   le 

SAHDSTOHE:      Light  gray 

ai  it 
ichi. 

dding 

fine   grain;   weakly  cemented;    frla 
can  be   crushed    between    fingers;    b 
not   readily  discernible;    1   to  3" 
lengths. 

213.7-217.5  CLATEY  SILTSTOHE   TO  SI 

SHALE:       Light    gray; 


by  knife  with   difficulty;   6   Co   12"   cor 
lengths. 
217.5-222.5  MAJLL:      Llghc   gray;   moist; 
hard;   cemented;   can  be   scratched  by 
knife;  massive;   3  to  12"  core  lengths; 
bottom  122'    left   In  hole. 
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,   GT  TMUCHCK 


I305-6QO • 


.  GFOLOGIC  LOG  OF  ORll.jL  'HOLE 


Otter   Creek  itudy  Site 
*74-lOS 
10/3/74  ,i  ,',',,    "  ll/S/74 


10/9/74.      S"  CS  a 


IT 


Lab  Simple  C-TO 
139.6  to  143.9' 

W    Lab   9ample  G-71 
~i        143.9  to  151.8' 


iO.O'.  Washed 
through  60'  of  e 
6  cuttings.     2-3/4 


,l:;.t 


Hum  to  dark  gray; 
lbs  easily  with  kni 
linated;    slightly  t 


;   plastic; 
l  In-bedded  t 
irately  car- 


few  gypsum  crystals; 


,1'j   bedding  not   readily  dla-> 
:ore  lengths  4  to  12". 

[    SKALr  :      Light   grey  69.1    to     ' 

!um  to  dark   gray  and   slightly 


I    SI  LTV  SAHDSTONT  1 


;     flm;     M,  I  ,,-1,^^.1; 

fingers  with  difficulty;   alternating 
lenses  of  sllty  sandstone  and  sandy  si 
stone;  three.l  to  37  cemented  coneretl 


GEOLOGIC  LOG  OF  DRILL  HOLE 


■  EITIRE        0tter    Cr*rt  StudX   sle« 

.      .     10/3/U         \'.':,.    'u/S/'4         «.-.'. 
225.0'      1/12/75 


"  ';- 


10/16/74.      S"  CS  I 


reported  clean  hole 
at  start  of  shift,     i 
3-3/4"  core  107.3 
to  241.3'.     Uist 


| 10/21/74,      5"  CS  ( 


3 


I  SANDSTONE:     Light  gray;  aofi 
le  grain;  weakly  cemented; 
i  bedding  not  readily  discern- 
to  12"  core  lengths. 

Medlu"  gray; 


|   moist;    fira;  noderately  p,„,.. 

|    trim. -I  by  knife;   2"  core  lengths. 

■79.0  SANDY  SlLTSTOHt:  Light  gray; 

rt;    very  hard  and  cemented  77. B  to 


I  SHALT-  H.^diun  gray;  bo  Is 
wily  with  knife;  plastic; 
almost   fissile;   allghtly  c 


*eoua;   1/8  to 
■el  dike  87.0  t( 
■''    (coal  say 
i  fractures); 


B7.0-8B 

.9  S1LTV  SHALE 

block 

knife 

plastlt 

IV  -1 

de,  60  t 
coal  8 

?77to'a 

H8.9-93 

A  8HAI 

lengths 
I   SILT 

gray; 
flra,« 

ilty   sh 

an  be  t 
client 

when  r 

eworked 

70"   fr 

3 
± 


Z'r- 

t;    unccmented  but 
sllty  with  elay 

94.B 

98.7   SHALE: 

Ked 

u»  gi 

lifficult  trt»ing  * 


Light  gray; 
friable; 

/fira  ahaleJ 
d,  celcaraaoa 
slacks  slightly) 
easy  tq  1 

knife;   2  to  6"    i 


lerstely  to  highly  plastic 
"  slacks  in  «ore  plastic  i 
'  core  lengths. 


Otter  Creek  study  5 
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F(»TuBi       Otter  Creek  scwdy  s«a 

HOLt  NO     74-10S  <-0C*'ION         " 

6E6UM      10/3/74         <>H»HED     ll/S/74 


10/2«/74.      5"  CS    i 
286. 5'.     W.L.   at 

I  Repairs  on  equlp- 


10/29/74.  S"  CS 
13.6'.  KXCS  at 
286.5'.  W.L.   at 

316.9  to  356.0'. 
Sand  running  In  ti 


j Sand  running  in  hoi 


*12S'   W.    S  610'    I 

of  SE  Corner 
Sec,   34,   T.   3  S. 


M 


I]   core  lengths  2  to  8". 

.0.7  SILTY  SHALE:     Light  to  s»dl 


;   Firm;  difficult   tr it* Ing 


slightly  carbonaceous  t  more  plan 
bedding  not  readily  discernible;    I 

lengths. 
117.8-120.8   CABBOHACfOl'S   SH<Lr.  4  C< 


4   SAHDSTOHT:      Ugh1 

a   lira,  unc 

by  knife; 

sandstor 

sllty  t  fr: 

Ale;  c 

.6';   allty  awi 

122.6   t 

2    T'S   IIS 

leyey  t« 

sendy  ailt- 

hard     t 

alcsreous  a 

i  niton 

12S.0   to 

!•*"« 

MMO^'to 

",I3°; 

';    allty 

clayey 

sllty 

andstone  1. 

3S.0';   clay 

Corel 

ngtha. 

135.6' 

2  to  12" 

3.9  SHALE 

SILTY 

HALC:      Med  I 

grey;  aoiat;  Fira;  can  be  trLaaed  by 
knife;  al-oet  fiaaile  In  lonea;  thin- 
bedded  to  alaost  aaaslve;    sir  alacka; 


il.8   CLATTY  TO  SANDY  SlLTSTOHt: 


Light  to  ■edlum  gray;  aoiat;    Ft 
upper  part   is  alternating  ahale 

laminated  silta«or-e  with  occaai 
shale  partlnga;   clayey  tones  ar 
moderately  plastic;   lower  part  i 
crushed  between  fingers  with  difficulty; 
trine  easily  with  knife;     Celeareoui 


Otter    Creek 


Legend  on  Plate  9 
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ll/S/74         0£PIMO 
225.0'      1/22/75 


et  38S.2' 

11/4/74.      5"  CS  at 

'.     HXCS  at 


king  . 

Hole  at  413. B' 
ll/S/74.     Sn  CS  at 

'.  HXCS  at 
386-5'.  W.L.  a 
216.0'.      Pulled  NXC 

5"  CS.  Set  3. 
of  6"  CS  in  hole. 
Moved  rig  to  DH74- 
106.  Hole  completed 


12/18/74.  Moved 
to  DH74-105. 
S"  CS  to  3'. 


2848.2  418.8   --- 


1/9/75.      8"   CS 
3.0'.     Reamed    (7k") 
:   130.0  to  1 


cemented  concretion  1S1.2  to  1S1.4' 
1  to  14"  core  lengths. 
151.8-177.0  SANDSTONE;  Light  grey;  m>iBl|; 
contact;  fine  grain;  friable  (cruahea 
eeaily  between  flngea);  non  to  very 
weakly  cemented;  uncemented  (like  rivi 
Band)  154.6  to  156.0',  162.6  to  164.6' 
173.5  to  174.4';  remaining  material  trials 
eaeily  with  knife;  few  thin  carbonaceoui 
streaks  161.8  to  162.0';  \"  coal  filled 
10  to  30°  fracture  (7)  at  177.8';  7(" 
freah  fracture  172.6  to  173.0' |  max 
core  length  1*. 
1 77.0-181 .6  SHALE:  Medium  gray;  moist; 
firm;  very  plastic;  could  be  bentonitic 
trimB  eseily  with  knife;  air  slacka 
broken  on  1  to  2"  centers  along  horixon- 
tal  to  70°  fractures;  thin  bedded. 


fin 


grain  sandstone  4  medium  gray  shale 
laminations;  moist;  moderately  plastic 
when  reworked;  can  be  trimmed  by  knite; 
crushes  between  fingers  with  difficulty 
1  to  12"  core  lengths. 

184.1-192.7  SKALEY  SANDSTONE :  Light  gray 
fine  gTsln  silty  eandatone  with  some 
laminations  t  thin  beds  ot  plastic 
medium  gray  shale;  weakly  cemented; 
difficult  crushing  between  fingers; 
moist;  trims  with  knife;   few  thin   (-1/8' 
carbonaceous  bedding  planes;   laminated 
to  thin-bedded;  very  ahaley  183.3  to 
184.1'   *  187.2  to  187.8';   1  to  12"  core 
lengths. 

192. 7-194. 2  SHALE:     Medium  to  dark  gray; 


moist;  plBstic;  could  be 
slightly  carbonaceous;  cuts  esaily  with 
knife;  air  slacks;  few  esnd  laminations 
near  middle;  2  to  4"  core  lengths. 


194.2  to  197.7';  moist;  1 
difficulty  by  knife;  thii 
laminated;  fissile;  carbi 
to  201.0';  2  to  12"  core 


mgthn. 


horisontal  &  vertical  hairline  fracture 
(some  with  white  staining);   air  slacks; 
shsley  264.9  to  265.3'. 
265.3-272.8  SANDY  SILTSTOKE:     Approechini 


illty  sandstone;   light  gray;  " 
laminated;  can  be  trimmed  by  knife; 
very  fine,  uniform  sand;  trace  of  cl 
scattered  carbonaceous  fragmenta;   slightly 

rnrhnnnrwiUH    silty    ahale    265.3    to 


GEOLOGIC  LOG  OF  DRILL  HOLE 


11/5/74 


Hole   at   413. 

' 

1/10/75.      8" 

CS  st 

3.0' .      Punpc 

Ben- 

until   circulation 

was   resumed. 

ed    (7k")   hoi 

190.0 

to  215.0*. 

210.0'. 

Hole  ac  413. 

' 

1/13/75.     8" 

3.0'.     Drill 

81'.      Pumped 

in  7 

pits   of   drll 

16/75.     8"  CS  ac 

0'.      Reamed    (7k") 

hole  237.0  Co  301.0 


30.0' 

Pumped 

a 

drill 

~i   (7k")  ho 

301.0 
311.0 

to  311.0' 
slreulatlo 
.     Pulled 

.: 

"12! 

'  W.   4  610 

M. 

of 

SE  Comer 

Sec 

.  34,  T.   3 

s. 

R. 

45   E. 

between  fing> 
272.B-296.9  SILTY  SANDSTONE:     Light  gray 
lty 


moist;   very  weekly   cemented; 
crushed  between  fingers  with 
fine  grain;  uncemented    (like 
287.0  to  290.0';  core  begins  to  waah 
away  during  drilling  in  places;    few 
1/8  to  1/2"  coal  streaks  274.0  to 
275.5';  clayey  sandstone  273.0  to  273.: 
core  lengths  1  to  18". 

■  8  CARBONACEOUS  SHALE:     Medium 


to  dark  gray; 
to   laminated 


rtT7. 


c;  thin  bedded 
nsceoue  shale 
296.9  to  297.3'  with  associated  45° 
slickenstdes;   highly  carbonaceous 
298.0  to  299.3*4   303.2  to  303.3';   core 
lengths   fc  to  6". 

05.8-306.3  SILTS  TO  WE:  Light  gray;  mola 
firm;  can  be  trimmed  with  knife;  clayey 
&  sandy;   low  plasticity;   1  to  2"  core 

306.3-308.0  SILTY  SANPSTOHE:  Light  grey 
moist;  fine  grain;  weakly  cemented;  can 
be  trimmed  by  knife;  difficult  crushing 
between  fingera;   1  to  12"  core  lengthi    ^ 

iOB. 0-316.9  SILTY  SHALE:     Light  to  medium 
grey;  moiat;   firm;   laminated  to  thin 
bedded;   air  slacks;   fissile;  can  be 
trimmed  with  knife;  marl  or  calcareous 
shale  313. B  to  315.2';  core  lengtha 
1   to   6". 

316.9-321.4  SILTY  SHALE  4  CARBONACEOUS 


SHALE:  Medium  to  dark  grey  carbon. 
shale  316.9  to  317.9';  medium  gray  sllty 
shale  317.9  to  321.4';  cuts  easily  with 
knife;  thin  bedded;  air  slacks;  fissile 
moderately  plastic;    1  to  6"  core  lengthi 


321.4-323.5  I 


■   SIL.TST0NT  :      Light 


gray;  moist;   laminated  to  thin  bedded; 
low  plasticity;   some  fine  sand;  i 
trimmed  by  knife;   3  to  6"  core  1> 
323.5-326.4  SHALE,  CARBONACEOUS  S 


:0AL:     light  gray  silty  shsle  323. S  1 
324.8'  ;  carbonaceous  shale  324.8  to 
326.0'     with  coal  324.8  to  325.3'; 
light  gray  clayey  alltstene  326.0  to 
326.4';   shale  is  moderately  plastic, 
air  slacks  4  can  be  trimmed  by  knife; 
siltstone  is  soft  S  crumbled;  core 
lengths  •}  to  12". 

126.4-366.0  SANDSTONE:     Light  gray; 


;  fine  grain;  uncemented    (1U 

asnd);  compact;  slightly  carbonaceous 

364.8  to  365.S';  weakly  cemented 


of  plastic  pipe  in 
le  (Includes  2' 
lekup).     Pipe  pe 
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ii/jffi  ::WTM, 

.??5,0!  .  V22./7S 


326.4  to  326.8';   crumbles   easily 
between  fingers. 
366.0-369.7  SILTY  SANDSTONE  4  SILTY 


stone  is  friable  4  sllty;  shall 
moderately  plartlc;  top  part   Is  mostly 
laminated  silty  sandstone;  bottom  part 
la  laminations  of  silty  sandstone  4 
silty  shale  with  several  carbonaceous 
streaks;  2  to  12"  core  lengths. 

369.7-371.3  COAL:     Cut  by  verticsl  4 
horizontal  hairline  fractures. 

371.3-373.3  SILTY  SHALE:     Light  gray; 
moist;   tlrm;  oedd'f.ng  not  readily 
discernible;  can  be  trimmed  by  knife 
371. 3-37?. 3';     hard  cemented  marl  (T) 
that  can  be  scratched  by  knife  372.3  to 
373.3';  2  to  12"  core  lengthi 

373.3-383.1    SILTY  SANDSTONE:      Light  grsy 


■oist;   compact;    fine   grain;   weakly 
cemented;  lamlnetsd;   friable;   sandy 
slltatone  3B2.1  to  383.1';  cere  beglr 
washing  away  during  drilling;  core 
lengtha  1/8  to  2". 

383.1-385.2  SILTY  SHALE:  Light  gray 
Hi  A  to  314.4';  medium  to  dark  grey 
4  cerbonaceoua  314.4  to  3BS.2'; 
moderately  plartlc;  air  slacka;  thin 
bedded  to  laminated;  can  be  trimmed 
by  knife;  1  to  12"  core  lengths. 

3BS. 2-394.0  COAL:     Air  slacks;  cut  by 
vertical  t  horlsootel  hairline  fracture 
3  to  6"  core  lengtha. 

394.0-406.4  CLAYEY  SILT3TONE:     Light 
grey;  moist;   firm  to  moderately  hard; 
can  be   trimmed  by  knife;    will   not 
crush  between  fingers;   lew  plasticity 
when  reworked;  1  to  6"  core  lengths. 

406.4-413.8  SILTY  SHALE:     Light  gray 
moist;   firm;  trims  by~&itfe  with 
difficulty;  begins  to  sir  slack: 
broken  along  bedding  planes  on  \  to 
6"  centers;  broken  along  900  fracture 
In  cemented    slltatone  4  sandstone 
409.4  to  410.4'. 
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appro*.    601  medium  plat 
approx.   401   fine   sand   (CL>. 
ft.    Uh'lOK   FORMATION   -  TERTIARY 


cla; 


moderately  soft;    thin-bedded;   sandy   sll 
atone   4.0   to   5.0,    9.0   to   10.5,    12.0   to 
12.5  &   15.0   (7)    to    17.0    (7);    plastic 
silcy   sbale   23.6   (7)    to  24.6';   highly 
oxidized,    90°   Joint   11.0   to   12.5'    (lost 
water);   90°  oxidised   Joint   24.0   to   24.6 
core   lengths   up   to   8". 
24.  f 


with  knife;   very  plastic;    core 
■  3  SILTTT  SHALE  WITH   SANDY   SILT- 


ere  bedding   I 
ale  25.3  to  1 


knife)  39.7   to  40.3  i 
80°   oxidised  joint   ai 
lengths   1  to  14". 
.2.3-54.3   SHALE:      Med: 


41.8  to  42.3'; 


Uy  wltl 


life 


egin, 


sla. 


bedding  not  readily  d: 
be  bentonltic;  V  coal  at  53.6';  alter- 
nating zones  of  black  coal  (,  d«ck  gray 
to  black  shale  53.9  to  54.3';  20°  slick 
enside  at  49.8  t  45°  sllckensldes  at 
50.2  6.  50.3';  several  IS  to  40°  slicken 
sides  53.9  to  54.3';  core  lengths  2  to 
24". 
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3 

lole   at   102.3'    12/6/ 

1 

when  worked;    sandy   siltstone    120.3   to 

74.      5"  CS   at   28.6'. 

H 

120.6';    coal    120.6   to   120.7';    sllty 

7.-3/4"  cote   102.3  tc 

shale    120.7   to   127.0'    with  sandy  nones 

127.3'.     Losing  boom 

123.0   to   124.0';   begins    to  air   slack;   2 

irill  water. 

10' 

■ 

to   18"  core    lengths. 

;        | 

127.0-144.2   SANDY   SILTSTONE:      Light   gray; 

Jole  at   127-3'    12/1C/ 
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10 
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to  146.1'.     Used 
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i     88c 
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COAL  RESOURCES 

General 

This  report  is  part  of  a  program  of  study  for  the  Bureau  of  Land 
Management  aimed  at  determining  the  feasibility  of  surface  mining 
and  surface  restoration  of  coal-bearing  areas  in  the  western 
United  States.   Much  of  the  report  is  offered  as  background  needed 
in  understanding  the  relatively  short  pertinent  parts  of  the  Energy 
Mineral  Rehabilitation  Inventory  and  Analysis  study. 

The  bases  for  this  report  are  core  drilling,  logging,  sampling  for 
coal  and  rock  analyses,  and  geologic  mapping  by  the  Bureau  of 
Reclamation  and  the  U.S.  Geological  Survey  in  conjunction  with 
analytical  data  provided  by  the  Bureau  of  Mines  and  Geological  Survey 
laboratories. 

Coalbeds  on  the  Otter  Creek  EMRIA  study  site  are  in  the  Tongue  River 
Member  of  the  Fort  Union  Formation  of  Paleocene  age  and  include  thin 
beds  above  the  Knoblock  bed,  which  is  about  60  feet  thick,  and  the 
Flowers-Goodale  bed,  about  10  feet  thick,  120  feet  below  the  Knoblock. 
Bureau  of  Mines  analyses  show  the  thicker  beds  to  be  subbituminous  C 
in  rank;  24  samples  of  the  Knoblock  have  an  average  of  8,110  Btu  as 
received. 

The  average  ash  content  of  Knoblock  coal  in  five  drill  holes  is 
5.5  percent  and  that  of  Flowers-Goodale  in  three  drill  holes  is 
8.2  percent.   Average  sulfur  content  in  the  Knoblock  is  0.15  percent; 
in  the  Flowers-Goodale  0.A6  percent. 

Estimated  coal  resources  in  the  Knoblock  coal  on  the  EMRIA  site  is 
126  million  tons  underlying  200  feet  or  less  of  overburden.   The  ratio 
of  cubic  yards  of  overburden  to  total  estimated  coal  resources  is 
about  2  cubic  yards  of  overburden  per  ton  of  coal. 

Analyses  of  coal,  coal-ash,  and  rock  samples  are  on  average  similar  to 
those  for  other  coals  of  the  Northern  Great  Plains  and  average  rock 
analyses  for  the  earths  crust.   Only  the  selenium  content  of  Knoblock 
coal  is  more  than  an  order  of  magnitude  higher  than  that  in  the 
continental  crust. 

Origin 

Coal  has  been  defined  as  "a  readily  combustible  rock  containing  more 
than  50  percent  by  weight  and  more  than  70  percent  by  volume  of 
carbonaceous  material,  formed  from  compaction  or  induration  of 
variously  altered  plant  remains  similar  to  those  of  peaty  deposits. 
Differences  in  the  kinds  of  plant  materials  (type),  in  degree  of 
metamorphism  (rank),  and  range  of  impurity  (grade),  are  character- 
istics of  the  varieties  of  coal"  (Schopf,  1956).   Inherent  in  the 
definition  is  the  specification  that  the  coal  originated  as  a  mixture 
of  organic  plant  remains  and  inorganic  mineral  matter  that  accumulated 
in  a  manner  similar  to  that  in  which  modern-day  peat  deposits  are  formed. 
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The  peat  then  underwent  a  long,  extremely  complex  process  called 
"coaliflcation"  during  which  diverse  physical  and  chemical  changes 
occurred  as  the  peat  changed  to  coal,  and  the  coal  assumed  the 
characteristics  by  which  are  differentiated  members  of  the  series 
from  each  other.   The  factors  that  affect  the  composition  of  coals 
have  been  summarized  by  Francis  (1961,  p.  2)  as  follows: 

1)  The  mode  of  accumulation  and  burial  of  the  plant  debris 
forming  the  deposits. 

2)  The  age  of  the  deposits  and  their  geographical  distribution. 

3)  The  structure  of  the  coal-forming  plants,  particularly 
details  of  structure  that  affect  chemical  composition  or 
resistance  to  decay. 

4)  The  chemical  composition  of  the  coal-forming  debris  and 
its  resistance  to  decay. 

5)  The  nature  and  intensity  of  the  plant-decaying  agencies. 

6)  The  subsequent  geological  history  of  the  residual 
products  of  decay  of  the  plant  debris  forming  the  deposits. 

For  extended  discussions  of  these  factors,  the  reader  is  referred  to 
such  standard  works  as  Moore  (1940),  Lowry  (1945),  Tomkeieff  (1954), 
Francis  (1961) ,  and  Lowry  (1963) . 

Classification 

Coals  can  be  classified  in  many  ways  (Tomkeieff,  1954,  p.  9; 
Moore,  1940,  p.  113;  Francis,  1961,  p.  361),  but  the  classification 
by  rank — that  is,  by  degree  of  metamorphism  in  the  progressive  series 
which  begins  with  peat  and  ends  with  graphocite  (Schopf,  1966) —  is 
the  most  commonly  used  system.   Classification  by  type  of  plant 
materials  is  commonly  used  as  a  descriptive  adjunct  to  rank  classi- 
fication when  sufficient  megascopic  and  microscopic  information  is 
available,  and  classification  by  type  and  quantity  of  impurities 
(grade)  is  frequently  used  when  utilization  of  the  coal  is  being 
considered.   Other  categorizations  are  possible  and  are  commonly  em- 
ployed in  discussion  of  coal  resources — such  factors  as  the  weight 
(specific  gravity)  of  the  coal,  the  thickness  and  areal  extent  of  the 
individual  coalbeds,  and  the  thickness  of  overburden  are  generally 
considered. 

Rank  of  Coal 

The  designation  of  a  coal  within  the  metamorphic  series,  which  begins 
with  peat  and  ends  with  graphocite,  is  dependent  upon  the  temperatures 
and  pressure  to  which  the  coal  has  been  subjected  and  the  duration  of 
time  of  subjection.   Because  coal  is  largely  derived  from  plant 
material,  coal  is  mostly  composed  of  carbon,  hydrogen,  and  oxygen,  along 
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with  smaller  quantities  of  nitrogen,  sulfur,  and  other  elements.   The 
increase  in  rank  of  coal  as  it  undergoes  progressive  metamorphism  is 
indicated  by  changes  in  the  proportions  of  the  major  coal  constituents— 
the  higher  rank  coals  have  more  carbon  and  less  hydrogen  and  oxygen 
than  the  lower  ranks. 

Two  standardized  forms  of  coal  analyses — the  proximate  analysis  and 
the  ultimate  analysis — are  generally  made;  though  sometimes  only 
the  less  complicated  and  less  expensive  proximate  analysis  is  made. 
The  analyses  are  described  as  follows  (U.S.  Bur.  Mines,  1965, 
p.  121-122): 

"The  proximate  analysis  of  coal  involves  the  determination  of 
four  constituents:  (1)  water,  called  moisture;  (2)  mineral 
impurity,  called  ash,  left  when  the  coal  is  completely  burned; 
(3)  volatile  matter,  consisting  of  gases  or  vapors  driven  out 
when  coal  is  heated  to  certain  temperatures;  and  (4)  fixed 
carbon,  the  solid  or  cakelike  residue  that  burns  at  higher 
temperatures  after  volatile  matter  has  been  driven  off. 
Ultimate  analysis  involves  the  determination  of  carbon  and 
hydrogen  as  found  in  the  gaseous  products  of  combustion,  the 
determination  of  sulfur,  nitrogen,  and  ash  in  the  material  as 
a  whole,  and  the  estimation  of  oxygen  by  difference." 

Most  coals  are  burned  to  produce  heat  energy  so  the  heating  value  of 
the  coal  is  an  important  property.   The  heating  value  (Calorific 
value)  is  commonly  expressed  in  British  thermal  units  (Btu)  per  pound: 
1  Btu  is  the  amount  of  heat  required  to  raise  the  temperature  of  1  lb. 
of  water  1°F  (in  the  metric  system,  heating  value  is  expressed  in 
kilogram-calories  per  kilogram).  Additional  tests  are  sometimes  made, 
particularly  to  determine  the  caking,  coking,  and  other  properties, 
such  as  tar  yield,  which  affect  classification  or  utilization. 

Figure  3  compares  in  histogram  form  the  heating  value  and  the  moisture, 
volatile  matter,  and  fixed  carbon  contents  of  coals  of  different  ranks. 

Various  schemes  for  classifying  coals  by  rank  have  been  proposed  and 
used  but  the  one  most  commonly  employed  in  the  United  States  is  the 
"Standard  specifications  for  classification  of  coals  by  rank,"  adopted 
by  the  American  Society  for  Testing  and  Materials  (1974)  as  shown  in 
table  3. 

The  ASTM  classification  system  differentiates  coals  into  classes  and 
groups  on  the  basis  of  mineral-matter-free  fixed  carbon  or  volatile 
matter  and  the  heating  value  supplemented  by  determination  of  agglom- 
erating (caking)  characteristics.   "Coals  which  in  the  volatile  matter 
determination  produce  either  an  agglomerate  button  that  will  support 
a  500-g  weight  without  pulverizing,  or  a  button  showing  swelling  or 
cell  structure,  shall  be  considered  agglomerating  from  the  stand- 
point of  classification  (ASTM,  1974,  p.  56)." 

Location  and  sample  intervals  of  drill  holes  are  shown  on  plates  6 
and  7  . 
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Figure  3, 
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Figure   3. — Comparison  on  moist,  mineral-matter-free 
basis  of  heat  values  and  proximate  analyses 
of  coal  of  different  ranks. 
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Table  3. 
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As  pointed  out  by  the  ASTM  (1974,  p.  55),  a  standard  rank  determin- 
ation cannot  be  made  unless  the  samples  were  obtained  in  accordance 
with  standardized  sampling  procedures  (Snyder,  1950;  Schopf,  1960). 
However,  nonstandard  samples  may  be  used  for  comparative  purposes 
through  determinations  designated  as  "apparent  rank." 

The  proximate,  ultimate,  Btu,  and  forms  of  sulfur  analyses  of  samples 
of  the  Otter  Creek  coals  are  presented  in  table  4.   The  analyses 
indicate  that  the  Otter  Creek  coals  are  of  subbituminous  C  rank. 

The  location  of  drill  holes  from  which  samples  were  taken  is  shown 
on  plate  5,  "Geologic  and  Investigations  Map."  Table  4  and  other 
tables  of  analyses  are  keyed  to  lithologic  logs  shown  on  plates  6 
and  7. 

Twenty-four  samples  of  the  Knoblock  coal  have  an  average  of  8,110 
Btu  as  received.   The  average  ash  content  of  samples  of  the  Knoblock 
coal  as  received  from  five  drill  holes  is  5.5  percent  and  that  of  the 
Flowers-Goodale  coal  in  three  drill  holes  is  8.2  percent.   Average 
sulfur  content  in  the  Knoblock  coal  is  0.15  percent  and  in  the  Flowers- 
Goodale  coal  0.46  percent. 

Type  of  Coal 

Classification  of  coals  by  type — that  is,  according  to  the  types 
of  plant  materials  present — takes  many  forms,  such  as  the  "rational 
analysis"  of  Francis  (1961),  or  the  semicommercial  "type"  classification 
commonly  used  in  the  coalfields  of  the  eastern  United  States  (U.S.  Bur. 
Mines,  1965,  p.  123).   However,  most  of  the  type  classifications  are 
based  on  the  same,  or  similar,  gross  distinctions  in  plant  material 
used  by  Tomkeieff  (1954,  table  II,  and  p.  9),  who  divided  the  coals 
into  three  series:   humic  coals,  humic-sapropelic  coals,  and  sapropelic 
coals,  based  upon  the  nature  of  the  original  plant  materials.   The 
humic  coals  are  largely  composed  of  the  remains  of  the  woody  parts  of 
plants  and  the  sapropelic  coals  are  largely  composed  of  the  more 
resistant  waxy,  fatty,  and  resinous  parts  of  plants,  such  as  cell  walls, 
spore-coatings,  pollen,  and  resin  particles,  and  coals  composed  of 
algae  materials.  Most  coals  fall  into  the  humic  series,  with  some 
coals  being  mixtures  of  humic  and  sapropelic  elements  and,  therefore, 
falling  into  the  humic-sapropelic  series.   The  sapropelic  series  is 
quantitatively  insignificant  and  when  found  is  commonly  regarded  as 
an  organic  curiosity. 

In  common  with  most  coals  of  the  United  States,  the  Otter  Creek  coals 
fall  largely  in  the  humic  series. 

Grade  of  Coal 

Classification  of  coal  by  grade,  or  quality,  is  based  largely  on  the 
content  of  ash,  sulfur,  and  other  constituents  that  adversely  affect 
utilization.   Most  detailed  coal  resource  evaluations  of  the  past  do  not 
categorize  known  coal  resources  by  grade  but  coals  of  the  United  States 
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have  been  classified  by  sulfur  content  in  a  gross  way  (DeCarlo  and 
others,  1966). 

The  range  and  average  of  the  ash  and  sulfur  contents  of  642  coal 
samples  from  all  parts  of  the  United  States  were  determined  by 
Fieldner,  Rice,  and  Moran  (1942). 

Ash  and  sulfur  contents  of  United  States  coals 


Number         Ash,  percent  Sulfur,  percent 

of     

samples     Range      Average      Range      Average 


642     2.5  -  32.6     8.9      0.3  -  7.7      1.9 


The  coal  in  the  Otter  Creek  area  is  slightly  below  average  in  ash 
content  and  is  considerably  below  average  in  sulfur  content.   The 
average  ash  content  as  received  of  Knoblock  coal  in  five  drill  holes 
is  5.5  percent  and  that  of  Flowers-Goodale  coal  in  three  drill  holes  is 
8.2  percent.   Average  sulfur  content  in  the  Knoblock  is  0.15  percent; 
in  the  Flowers-Goodale — 0.46  percent. 


49 


Table  4 


• 

M 

o 

a 

a  w 

c 

w   • 

• 

o 

Q.    •» 

«4 

k. 

«     • 

• 

U   JO 

►^ 

K 

.-H 

o 

ti  u 

a    4i 

II    ■ 

s 

< 

« 

•    • 

w* 

>.-< 

m 

o 

-■    a. 

o 

X 

a 
c   o 

(J 

^* 

•  «* 

ft. 

JO 

*H 

— «  ■«> 

kl 

—   a 

• 

a 

<  « 

c 

w    k> 

• 

c 

o 

>■« 

*-« 

o.  •-< 

• 

• 

• 

a 

B 

c 

•o 

c 

■ 

a 

«l 

a 

kl 

A 

u 

ij 

*+ 

c 

r-t 

—1 

o 

■o 

< 

■ 

I 

c 

o 

■ 

CJ 

>■ 

-o 

• 

tl 

*-> 

u 

V 

c 

u 

ft 

■ 

3 

o 

T3 

O 

41 

O 

u 

r-* 

jC 

o 

— 1 

• 

o 

M 

o 

• 

1 

I] 

u 

o 

> 

•o 

kl 

• 

c 

0> 

« 

u 

• 

3 

■ 

o 

M 

> 

• 

•1 

ft 

u. 

■a 

■ 

9 

9 

•1 

u 

-c 

o 

— < 

m 

c 

a, 

Q. 

ig 

8- 

ji 

tl 

■ 

r-« 

o 

Of 

II 

u 

c 

(0 

J3 

re 

3 

O 

ft 

re 

tl 

C 

-o 

o 

•1 

* 

re 

■1 

u 

3 

jo 

«M 

u 

cr 

£ 

5 

« 

u 

M 

M 

C 

o 

9 

M-. 

£ 

*J 

O 

00 

a 

w 

<TI 

o 

c 

8 

•J 

ft 

■ 

u 

j= 

a 

k» 

e 

3 

CO 

« 

o 

V 

10 

r-i 

o 

•a 

IH 

a 

•j 

0 

3 

> 

>%■* 

tn 

•> 

0) 

4J 

CI 

Ul 

U 

.C 

<l 

>- 

°c 

ea 

kl 

re 

1-. 

m 

.H 

• 

c 

w 

JO 

• 

c 

c 

•I 

« 

ft 

o 

J3 

< 

3 

o 

V 

>. 

•-t 

2 

••  m 

3 

re 

u  o- 

m 

a. 

«l 

«l     • 

IM 

c 

>.  JC 

O 

c 

II 

— 1     Ofi 

o 

u 

re    * 

c 

C    3 

u 

o 

•  JD 

re 

o 

• 

o 

E 

1*4      W 

V 

o  u 

o 

ft 

<t4 

-o 

u. 

3 

E°- 

c 

*J 

re 

c 

en 

o     • 

0 

1*.   ■ 

3 

a 

11 

o 

c 

e 

m 

:=> 

m 

CX 

^J 

a 

o 

QJ 

u 

c 

•<H   IM 

*-< 

o 

u    o 

■ 

u. 

ee 

• 

B 

>-« 

C    9 

■1 

u 

-■<    « 

kl 

-C 

o 

a  «i 

re    w 

3 

u    9 

B  « 

o 

u 

O 

V 

c 

U      • 

u 

ft 

•1 

</> 

I 

u 

u 

X) 

h 

•  3 

B 

tl 

kl 

K 

o 

a. 

tl     • 

o 

s 

B    B 

ft 

c 

O 

l 

■1 

1     > 

0 

O    U 

■k  ^"* 

h 

>    • 

*a^ 

a: 

• 

•  VI 

U 

wt 

B 

• 

m 

u 

c 

o 

£ 

u 

v> 

vt 

u 

tk 

«4 

o 

M 

ft. 

I 

ft. 

o 

ft. 

• 

kl 

• 

■H 

9 

M 

s 

si 

> 

P 

A 

ki 

9 

IM 

pH 

9 

n 

B 

tl 

oe 

ST 

o  . 

VI 

H* 

IA 

B 

>• 

tl 

-i 

to 

0 

§ 

VI 

kl 

•H 

Id 

z 

H 

2 

M 

B 

H 

0 

6 

J3 

kl 

9 

U 

B 

tl 

to 

o 

-k) 

•a 

>. 

X 

£. 

V 

< 

B 

•o  o 

tl   JO 

X    kj 

■H     It 

»-« 

u.   u 

to 

>- 

-i 

tl 

1 

r-t 

k>      V 

u 

re  ki 

I- 

*H     kl 

2 

2  1 

M 

X 

o 

CC 

• 

tt. 

M 

9 

ki 

• 

■H 

2 

<A 

ft.  M 

O   W 

_  >< 

%i 

o  z 

ft.  < 

o 

z 

u 

-1 

1 

«A 

o  o  o 

O*  r*  <>* 
r*  c>*  vo 


d 


^   vO   -H 
*  *»   tA 


*»   1^     I 
•       •     I 


o  o  o 

r4  On  IN 

(CHN 


n  ia  o 

o*  r*  <r* 


r>*  o  •-» 
O  ^  ^4 


o  o  o 

h»  »D  n 
*"■>   ^O   CO 

CD      r-     (N 


r^  r«.  o* 


r*  o  »-* 

OH-I 


o»o-» 


1^1  •»  ^» 

o  o  o 

d 

H    (OH 

»*   r*   C4 

O 

^i  o<  m 

o  o  o 

d 

o  o  o 

»T»   <T*   O* 

O  r^  r^ 

oo  ^  n 

-H    ^1 

kl 

«M 

-» 

in 

C*    CM    rt 

«o 

<n 

O 

o 

kl 

r^. 

^»  in  ia 

m 

f* 

CO   r^  as 

m 

Cn    rH    ^1 

£ 

U 

o. 

tl 

■o 

• 

f*    rH   *M 

tl 

OHH 

a 

8 

a 

a 

JC 

u 

o.  n  ^-i 

6 

tl 

vO  »o  --T 

JO 

•*  ^*>  r^ 

tl 

H 

O 

u 

• 

kl 

-»  •»  o» 

*4 

a 

U5  •»  •» 

0 

a 

a 

o 

u 

-»  m   I 

n 

•    •   I 

^0 

r»  o 

■ 

.-• 

JO 

a 

r4 

lAtOO 

a 

^ 

>o  -4  r-! 

e 

m  m  rf\ 

3 

T 

a 

ki 

a 

l 

o)«^ 

ft. 

O   M>l 

«m  f»  ^r 

m 

o>    1    1 

<  «a  <j 

e 

Q 

o  o  o 

r-    CD    CO 


»a  *n  o 

m>d  oo 


OHH 


<N    -*    00 
O   -»    v» 


OO   Ot 

•a  r* 


I  I 


50 


Table  A    (cont) 


a.  oo~« 

•>   •   a 


kh  a 
-i  a.  o 
O 


o    >-. 
O-i-l 


•I 


Ck.-r4 

B  O 

«  8 

a 

tl  U 

a} 

3  " 

CO  « 

O  <l 

a  u 

12 

O  3 

JC  4J 


S   a  a. 

«i 
*j   a     - 
c   >>x: 

VH     » 

M       «      U 

CCS 

O     «    XI 
u  a 

«M     41 

41      O     U 

3  E"- 


00 

•j 

C 

■5 

V4 

• 

o 

H 

« 

a 

M 

*-» 

0 

c 

m 

kj 

o 

r. 

u 

41 

«/> 

u 

rH 

u 

a 

a 

41 

*-i 

O. 

u 

* 

u 

a 

• 

-A  -h  «n 

oo  r»  *M 

O    aft   SO 

<on 

r»  pM  r* 

00 

•H  rsl  rsl 

O    *4    •-! 

-H  »H   *H 

HNN 

en  m  -r» 

»- 

c 

O 

O 

o 

o 

o 

O 

tj 

u 

IA 

•j4 

*-* 

b. 

v4 

*-»  —l  r-1 

-»   >£l  r~ 

v*5   OO    O 

r»  O  r< 

O 

Oh. 

o  o  o 
© 

o  o  o 
d 

O   O   O 

o 

o  o  o 

o 

o   ^  -t 

o 

o 

ik 

• 

•J 

—•    w*    a-tj 

«  rt  o 

*H  *-4   -H 

o  o  o 

r4  «-4  r4 

—*. 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

3 

CO 

o 

o 

o 

o 

o 

s 

1 

1 

> 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

o  o  o 

CM   0*   sO 

n  mo 

sr  om 

o\  o  o* 

CM    »A  rt 

B 

n  vo  tn 

»■*  r^  r* 

rs*  CO  CO 

O  »A  P^ 

CM   IA   OO 

CO  >-*  CM 

OO    _l    <V| 

CO   *H   CS 

COHN 

OHM 

m 

«J 

-#—»    —4 

u 

^  t-* 

«J 

r-l  •-* 

M 

*4  iH 

w 

IM 
CM 

rM   r-C 

u 

3 

■H 

IM 

*M 

IM 

o> 

3 
CA 

sO 

o 

O 

«o 

o 

*4 

o 

o 

ft 

*n 

tO 

OO 

o 

<-• 

-H 

•H 

r-l 

M 

e 
«v 

Ctt 

o 

O 

o 

o 

CM 

u 

u 

4J 

of 

«*  r*.  cm 

oti  ^4  r*. 

eo  (N  ov 

^  MH 

0> 

cm  en  o 

r»- 

^» 

en 

r\ 

CO 

fr 

CO   N  o 

as  fv  m 

CO  r~  o 

CM 

k  4  eo 

g 

*n  •-«  tH 

sO 

PI   H   H 

■H 

r-*   ^h    — i 

•O 

m  •-*  i-i 

en  -t  rM 

«N 

n 

«n 

sO 

x: 

u> 

-H 

H 

M 

•H 

4i 

o. 

c 

« 
o. 

<£ 

£ 

£ 

£ 

a 

*J 

<w 

U 

CJ 

•o 

3 

o- 

O. 

o. 

O. 

V 

« 

CI 

a 

•o 

*--   O  <-■ 

T3 

I~  o  o 

•o 

r^>  O  O 

•o 

p»  o  -i 

a 

CO  t-»  CM 

4~> 

<-4 

o  <-*  ■-* 

o   <-<  ~< 

O  *H  <-> 

OrtH 

o.  ■ 

OHH 

« 

« 

41 

a 

B 

to 

1 

z 

tH 

-H 

a 

O. 

a 

O. 

p. 

a 

6 

B 

e 

B 

c 

4 

« 

a 

a 

jC 

« 

a 

a 

a 

u 

51 

o 

tOiON 

m  •*  o» 

Os  sO  f*- 

t-l  C7i  t» 

e 

•H  IA  O 

-D 

X 

X 

X. 

C 

a 

w 

U 

0O    CO    <J 

u 

N(on 

u 

r-  co  <? 

u 

r*  »©  -* 

XI 

CO  P»  IA 

• 

c 

•J    vDN 

c 

■»  «  r» 

c 

•#  so  r»* 

a 

4*N 

«»  M>  r* 

o 

■1 

■1 

XI 

« 

XI 

a 

M 

O 

u 

« 

0 

a 

a 

c 

|4 

M 

|4 

b 

V 

o 

O 

o 

O 

a 

t* 

u 

u 

u 

u 

CJ 

o 

vDCON 

00  00  CM 

n  oo  rsi 

m*H 

tpl 

•A   «   rM 

w 

II 

■ 

a 

a 

a 

^ 

4J 

so<f  m 

AJ 

vo  ^»  m 

u 

so  ^  «n 

u 

vD   -*   u-l 

o 

M>   •»  >A 

>> 

•H 

<H 

«4 

o. 

BR 

« 

a 

a 

• 

B 

o    ■ 
Q. 

o 

o 

Q. 

O 

o 

41 

e 

a 

a 

B 

je 

o 

•a  oo    i 

o 

r*  (A     1 

o 

CO   CM     | 

o 

-H    O      1 

o  o>   i 

• 

o 

•     •    I 

u 

•      •     1 

u 

•     *    1 

u 

•       •      1 

•o 

•    •  1 

-< 

4) 

•A  r-» 

T3 

<rt  r- 

•o 

a 

•rt  co 

a 

r»  o 

r-l 

a 

XI 

a 

r»  o> 

c 

-Q 

•P 

XI 

X) 

H 

"3 

o 

sO   N   IA 

trt  o»  0> 

*-«  «n  r* 

rt  «*  o» 

a 

«»  r-c  r« 

-O 

Jtf 

Jtf 

j< 

X 

■o 

X 

1* 

U 

*a  o  <r 

U 

■JC'" 

u 

•ft  o  •» 

u 

*n  o  *n 

o 

-O    -1  M3 

K 

T-* 

* 

o 

m  «a  »a 

0 

ft  *»   lA 

0 

*n  -rt  «rt 

o 

<nm  m 

1 

en  ia  ia 

n 

U. 

u 

•H 

»H 

rt 

VI 

-O 

A 

XI 

XI 

1 

>- 

O 

O 

O 

o 

a 

4 

* 

£ 

£ 

£ 

s 

u 
a 

§ 

—4 
-H 

u 

5 

o 

LJ 

0) 

CO    O   in 

JJI-I 

O  -ft  *n 

€7*  *3  »H 

r* 

CO  O  en 

bl 

nj 

«J 

b. 

H 

-H 

u 

os  «m  *a 

OINIO 

OS   aH  *n 

r~.    CT'    <r 

r-»  O  en 

5 

O 

> 

a 

cn  «*  «» 

«N   ■«   "* 

IN   *»   *tf 

MPl-J 

CM  en  -J" 

X 

o 

3 

• 

a. 

w 

3 

■ 
■s-l 

2 

OS     I 

rsi 

•    I     1 
o    1     1 
en 

-4 

d :  i 

r"l 

P«» 

ON      1 
CM 

CO 

•  1   • 

OO     1      1 
CM 

t/> 

U.   M 

O   V> 

o  z 

<«U 

<«u 

<  aa  u 

<    PO    <_) 

<  «o  o 

u.   -S 

d 

z 

r*. 

CD 

o> 

o 

•A 

hi 

••* 

f*« 

r* 

OS 

CM 

_> 

i 

Os 

-r 

H 

0> 

•a 

#4 

0* 

<o 

OX 
M> 

r4 

M> 

V) 

a 

o 

a 

o 

a 

51 


Table  4    (cont) 


•    wo 

E-- 


<-  •>  «j  « 

Zl  •  "  < 


5  8 


<->   «  u 


o  u 

B  a. 


-  c2 

•  o 


•H    C  3 

u  3 

•    C  « 

u   o 


a  a 

o 


e 

n    o 


o  o  o 
d 


o  o  o 

■son 

CO  «A  lA 


OHH 


vo  -»  m 


«n  eo 


o  o  o 

HOOD 
Ch  C*  *A 


•o  o  o 

O  »H  «H 


a 


(MOH 


o  o  o 
d 


o  o  o 
d 


o  o  o 

w  vO    r- 


r^  o\  o 
d     *  ~i 


V\  0>  <s 

<0  -*  W» 


O  O  O 

d 


o  g  o 
r^  o  r* 


r»  O  r4 
OHH 


•J40 

<o  •»  m 


r>  m  c* 
co  r*  *) 


O  r-  -I 
o>  OX  «"> 


d I  i 


52 


Table  A    (cont) 


•  ■     • 

K        •-< 
w  o  a 

-h  e 

•  M    •< 

■ 

H    bO 


bH 

■     • 

c  c 


0  X 

Iri 

O.  U 

1  a 
I  > 


§2 


x>   ■< 

a   »  a. 


■   o     - 


-1    C  X 

a  o 

c  •*<  *M 

<*  u  o 
oo  a 

tH    C  3 

n  -h  a 

o  a  a 

a  u 

"  3 

c  n 
u   o 

c  o  • 


u  a  a 
a  « 

ex  a  • 

a  c 


© 


o  o  o 

*M    »A    Irt 

4(Om 


O  -<   -i 

d 


o  o  o 
d 


o  o  o 

4  (O  O 


«NN 


O   >■£>     I 
•      •     I 


»*  O  »» 
c*  ^  r% 

<N    .»    .» 


O 
•    I     I 


a  t\  9 


f  O  O 

o   -I  -I 


o  o  o 

»a  c*  M"t 


*  N   O 
v£>   <T    lA 


•     •    I 


r»  o  o 

OHH 


-J   vO  O 


o  o  o 

oo  co  -* 
CO  H  C4 


m«o 
>o  »»  in 


53 


Table  4   (cont) 


• 

s 

O 

3 

m  w 

C 

*->   •   • 

O 

D.   M«« 

w 

ft*     •    • 

O    X>     >s 

K          ^t 

M"> 

MUM 

o 

-S5 

V     • 

m 

•    •  —« 

*«^  « 

o 

—     D.   O 

*          (J 

c  e 

«    —     >s 

a 

-•  "O 

u 

^  *>  • 

o 

<  *-  * 

—  ».  * 

c 

O     »s 

ex  — • 

•    •   re 

« 

c  c 

•c 

c 

*  • 

« 

• 

-O 

W  v4 

C 

o 

■o  < 

« 

X 

c 

o 

• 

u 

>^ 

■o    * 

•i 

V    • 

c 

«J    1- 

m 

3 

u  %• 

TJ 

0 

w 

O 

u 

-«  X 

O 

— i    re 

o 

u 

o   « 

1 

V 

• 

> 

9 

t- 

«  c 

•1 

CL 

t*  * 

> 

• 

o 

u 

*  « 

m 

u. 

T3 

V    3 

3 

w    *-* 

TJ 

O 

c 

a. 

n.  -« 

ro 

. 

S8 

M 

Ki 

■ 

u 

o 

w 

»  U 

c 

J3 

If 

3    — 

Q 

V- 

re     *> 

C 

-o 

u     « 

* 

re 

ft*     hi 

3 

Xt   "- 

ft* 

O" 

JE 

§2 

M 

C 

O     3 

-C     *J 

o 

■      CD 

*H 

l/> 

o 

c  s 

ft> 

lj 

re   fl 

u 

X 

a 

E 

s 

m 

re 

o 

m 

ce 

u  •* 

O   TJ 

B    If 

O 

3 

> 

-<     II 

V 

in 

■J 

X    « 

>, 

M 

■>   i- 

re 

M 

-i  a 

C 

«> 

*  • 

« 

c 

« 

•    • 

u 

*  «< 

3 

o 

•1 

>s 

B    m  a* 

3 

re 

p- 

« 

*j   «    * 

C     >.  -C 

O 

c 

41    ^-t     M 

o 

*J     N     bt 

C     C     3 

E 

O     •    X) 

I 

u           • 

O 

•**      U 

«     O    w 

0 

u           -- 

•a 

u. 

2  Efc 

re 

c 

»    o     - 

o 

-«   U.     f) 

3 

S  J 

c 

eQ 

3 

-<  e  x 

re  o 

•1 

k» 

c    —   >« 

o 

-«    w     O 

n 

M   « 

E 

-4    C     3 

^, 

JE 

O     ■     V 

ft       M 

3 

u     3 

•     C   « 

o 

U     O 

c    u     • 

«        ire 

II 

u  <~*      • 

fi 

XI 

M     «   3 

B 

«    <J 

Q-    ft*       • 

O 

r. 

fl    c 

b 

c        o 

o. 

-«  -o   -^ 

1      I* 

-*4       4J 

1    > 

«  o  o 

u     >     • 

** 

it 

re    a  i/i 

■o   o 

4)   X> 
X     M 


o  d 


I  ^>   CD 


r*.  ***  fn 
O  <m  ^ 


O*  sO  »-* 
sO  -»  »A 


o  o»o 

»0  C^  r» 


C    C-  •£> 
irtN-C 


*«  O     I 


o  o  o 

,3      ^     O 

flO  >0  r- 


r»  O  -4 
O  ■-«  *H 


O*  00  r-t 

«  >f  m 


.-I    CT.    -J 


:  i 


222 


o  o  o 

r-1    s£>    r- 

CO    >£■    r^ 


»rt  O*  -» 

O   •*>    CO 


O      *  rt 


r»  vO  O 

%e  *»  v> 


CO  « 


o  o  o 

r-»  r-4  ^< 

<r>  o>  r« 


sO  o  o 

Q  ~4  ~4 


00  *©  C* 
»©  >*   »» 


r?   I    I 


o  o  o 

<*  >*  lA 
r^.  r»  00 
r-  O  M 


r-   O   r4 
O  A  -4 


OrlO 
sO    -»     *» 


^   I    I 


54 


<   a  in 

ex  01 


c*  n    «i 
•*   L  a. 


u 

C 

3 

c 

o 

.o 

u 

m 

u 

*-» 

*> 

^ 

01 

u 

a> 

c 

■h 

o. 

e 

Q. 

c 

■0 

4-* 

0> 

c 

u 

V 

o 

c 

ui 

u 

-H 

f» 

»-* 

X 

3 

<1 

<M 

w 

u 

o 

o  o 


•u   u 

t- 

U     3 

< 

O    u 

3? 

12    10 

■h 

X 

>>  o 

o 

_.  e 

Ou 

CJ  u 

o   b' 

> 


23 


o  o  o 

■~i   r*-  r*+ 

CO     HN 


o 


in   sj   CO 
sO  *»  ■*» 


o  o  o 

O  *n  f* 

■4    0»   N 


c~  o  .h 

O  *H  i-t 


r»  oo  ts 

*©  *»  m 


r~- 

o  o 

o 

*"J 

*J 

o 

r^ 

a 

o 

O 

•-« 

-< 

o 

<-* 

--4 

-1 

o 

o 

o 

o 

o  o 

o 

o> 

t/N 

r-l 

i/t 

m 

CO 

CNt 

.-* 

.-i 

u 

.-< 

(N 

CM 

»H 

o 

CO 
CM 

o 

o  -l 

UN 

U 

o 

O 

^H 

lf> 

-J 

CM 

CNI 

•J 

u 

D. 

r-  o 

t-< 

U 

T3 

d  »-< 

i-i 

01 

tH 

a. 

i 

cti 

i~-  o 

ON 

ID 

r~* 

r~ 

—1 

,— 

~J 

•£> 

u 

B 
0 

J» 

41 
U 

o 

r^ 

on 

CI 

o 

O  *^ 

UN 

V 

44 

N-t 

«• 

o 

Q. 

a 

o 

00  CO 

1 

u 

~J  vO 

ft 

•a 

• 

jo 

vO  o 

vO 

M 

u 

u"*  o 

pn 

o 

r"> 

^ 

UN 

-O 

0 

5 

r~ 

CNJ 

-J 

O  c-» 

-o 

c-|  .» 

■-J 

ON 

CO 

1 

1 

(NJ 

<  ro 

o 

o 

CO 
CN 

•o 

1 

o  o  o 
d 


o  o  o 

t-C   ON   Wl 

-I  -»  r>» 


"         ■»  0»  I 


i-»  O  O 

OHH 


o*  o\  oo 

OvOH 


*o  •*  m 


•H  0» 

UN   NO 


-  S  I 


Table  4   (cont) 


55 


Table  4     (cont) 


n.  —  ft. 


u    *J 

—  •*   o 

<    IC  in 

~h   a 
a.  eu 


a. 
E  -o 


1     O    4J 


■o  o 

!>  X 


VI 

u.  t-4 
o  e» 

r- 

£3 


•J   >, 
m  -h 

"    c 


#n  r*.  o 

>c  o> 

o 

M  o»  O 

o  »» 

m 

m  cm  •* 

.-*     f~«     —. 

o  o 

r-l 

r-t    rH   CN 

rH    rH 

r-l 

rH  4M   CM 

d 

o 

O 

d 

d 

«    iA    s£i 

-h  m? 

r- 

O    O   rH 

00    rH 

.-H 

CM  00  ON 

^    — <    — • 

r-t    r-i 

r-t 

O    r-l   rt 

O   rH 

rH 

Hrl    H 

o 

d 

d 

O 

d 

rH    r-t 

r-t 

r-t      r-t     rH 

o  o 

o 

rH   rH   rH 

o  c  c 

o  o 

o 

o  o  o 

o  o 

o 

O    O    O 

d 

o 

d 

d 

o 

o  o  o 

o  o 

o 

o  o  o 

o  o 

o 

o  o  o 

H    N    IT. 

cm  in 

r-t 

co  r~  r» 

CM     rH 

vD 

on  m  r* 

m  rsj  r-t 

r-t  cc 

«J    Chfx 

*J    CO 

m  o  oo 

00     f»     N 

00  —i 

rM 

00   r-l   fM 

00     rH 

CM 

CO  CM  CM 

* 

cm  co  r-i 

CM   CM 

rN 

cm  en  ■»» 

cm  P"i 

r-t 

O  O  O 

u 

O   O 

O 

u 

pi  -»  -» 

4j 

u 

UJ 

l*J 

O 

CM 

O 

CM 

MT 
ON 

O 

<N| 

ON 

o 

r-i 

O 

d 

CM 

rH 

o 

**   *»    CM 

0 

r»  *n 

C^ 

o 

N    rt  N 

O 

CM   O 

CI 

o 

o  cm  \n 

r-  a>  »-t 

4J 

o  00 

on 

i-t 

00   CO  ON 

4-1 

CO  CO 

ON 

u 

on  r»  CO 

CO   fH    (N 

•» 

X 
4J 

■47   rH 

r-1 

CM 
ON 

X 
u 

<*>  t-l  *-( 

CM 

n» 
ON 

X 
u 

en  rH 

CM 

ON 

■o 

rH 
X 

PI   rH   rH 

CO   *-t  CM 

r*  tH 

rH 

a. 

r-.  O  rH 

O. 

o 

r»  O 

rH 

4J 

NOrl 

O  »-»  «H 

w 

a. 

E 

O   rH 

r-l 

-o 
«i 

r-l 

a 

E 

O   r-l   rH 

•a 
«i 

rH 

a 

e 

O   rH 

r^ 

•O 
V 

rH 

o. 

O  rH  rH 

n<M  oo 

SO 

O   O 

w-t 

a 

CO 

rt  tn« 

a 

10 

O  r. 

CM 

E 

ON  CM  ON 

eo«n  h 

C-.   00 

cn 

ON    ON    -» 

CN  CO 

-J 

to 

OO-J 

»J-  \0  r» 

u 

c 

41 
X 

«l 

I* 

-4-   M3 

p- 

X 

u 

c 
<u 

JO 

a) 
u 

>3    tCtv 

X 

u 

c 
u 

X 

a) 

<f    vO 

r* 

X 
u 

c 

SI 
X 

41 

'JNfN 

moAst 

o 

u 

00  00 

(N 

o 
o 

r-*  on  csi 

o 
o 

US  r» 

rH 

rt 
O 

r»  oo  i-l 

sO  -C   *A 

01 
4J 
v4 
CO 
O 

a. 

E 

sO    -J 

in 

<a 
u 

<rt 
CO 
O 
O. 
G 

o  -3  m 

a, 
u 

•H 
0) 

o 
a. 

e 

vO   -J 

«n 

u 

ai 

4-1 

•rt 

CO 

o 

o. 

^4^  Mf  « 

CO  <H     1 
•      •     1 

0 
u 

*o  r-» 

1 

1 

O 

a 

«»    CM      | 

•    •  1 

o 
u 

PI  Mf 

1 

E 
O 

•»  -»     I 

sO  O* 

•o 

X 

-3   sO 

•o 

4) 
X 

'vj    vO 

•o 

01 
X 

in  r*. 

u 

r> 

<r  m5 

r*  o  r* 

J* 

00  CO 

<J 

.* 

flBO 

Ji 

^  00 

r* 

X 

C»   tPl   rH 

*3-  r*  ^ 

u 

<r  d 

-J 

u 

m    ON    rN 

u 

m  on 

r-t 

JK 

mniri 

<n  *»  in 

o 

JO 

o 
c 

pn  m 

in 

o 

X 

o 

B 

n  <3  tfl 

o 

X 

o 

e 

m  -« 

m 

a 

o 

rH 

X 

o 
c 

PI  *n  crt 

»n  as  en 

•h  m 

-O 

CM  O  O 

M3  CO 

rN 

PN    rH    ON 

in  m  co 

ON  CM 

tn 

rH  ^  r* 

O  CM 

M5 

ON   CM   N» 

en  *»  •a- 

CM  •» 

nj 

C">    *T    *J 

c»  -» 

-» 

CM    ■*   >» 

o 

m 

rH 

r*. 

nr 

vD      |       | 

rH    I 

1 

ON      |       | 

CO     1 

! 

d  1    i 

CM 

o 

CM 

CM 

CO 

<   «    O 

<  « 

u 

<«U 

<  CO   O 

<«o 

OS 

o 

rH 

CM 

«n 

o 

GO 

00 
CM 

rH 
00 
CM 

CO 
CM 

rH 
00 

CM 

»n 

m  - 

VI 

m 

m 

i& 

# 

U 

u 

i 
M 

56 


Estimation  and  Classification  of  Coal  Resources 


Preparation  of  a  coal  resource  estimate  involves  certain  procedures 
and  definitions  that  have  been  established  in  an  attempt  to  stand- 
ardize, insofar  as  possible,  coal  resource  appraisals  in  the 
United  States.   As  used  in  this  report,  the  term  "coal  resource" 
designated  the  estimated  quantity  of  coal  in  the  ground. 

Tabulation  of  Estimated  Coal  Resources 

Table  5  summarizes  the  estimated  coal  resources  in  the  Knoblock  coal- 
bed  in  the  Otter  Creek  EMRIA  site  and  the  surrounding  area.   In 
accordance  with  conventions  adopted  by  the  U.S.  Geological  Survey  and 
the  U.S.  Bureau  of  Mines,  the  resources  in  the  Otter  Creek  study  site 
are  classed  as  "identified-subeconomic  resources" — that  is,  specific 
bodies  of  coal  whose  location,  quality,  and  quantity  are  known  from 
geologic  evidence  supported  by  engineering  measurements  with  respect 
to  the  demonstrated  category,  and  that  are  presently  classed  as  sub- 
economic  because  the  estimated  tonnage  of  coal  is  in  beds  that  are 
not  presently  classed  as  reserves,  but  may  become  so  as  a  result  of 
changes  in  economic  and  legal  conditions. 

No  estimates  are  presented  for  the  Flowers-Goodale  bed  in  the  area 
because  the  focus  of  the  present  study  is  on  coal  resources  that  are 
potentially  recoverable  by  surface-mining  methods. 

Table  5. — Estimated  identified  coal  resources  in  the  Knoblock  bed  in 
the  area  around  and  including  the  Otter  Creek  study  site.  1/ 
(in  thousands  of  tons.) 

Measured  resources   Indicated  resources   Total 


Otter  Creek  study  site 
(sec.  2  T.  A  S.,  R.  45  E. 
and  sec.  26  and  34,  T.  3  S., 
R.  45  E. 


88,652 


37,210 


125,862 


Area  surrounding  Otter 
Creek  study  site 


192,422 


192,422 


Total  Identified  resources  88,652 


229,632 


318,284 


1/  Area  of  about  3  square  miles  bounded  by  Home  Creek,  Otter  Creek, 
and  Threemile  Creek,  and  106°  7-1/2'  West  Longitude. 

All  of  the  estimated  identified  coal  resources  shown  in  table  5  fall 
into  a  category  called  Reserve  Base,  which  is  defined  as  that  portion 
of  the  identified  coal  resource  from  which  reserves  are  calculated. 
Reserves  in  the  strict  sense  used  here  are  defined  as  "that  portion 
of  the  identified  coal  resource  that  can  be  economically  and  legally 
mined  at  the  time  of  determination — also  referred  to  as  Recoverable 
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Reserve.   The  reserve  is  derived  by  applying  a  recoverability  factor 
to  that  component  of  the  identified  coal  resource  designated  as  the 
Reserve  Base." 

Recoverabilitv 

The  recoverability  factor  is  "the  percentage  of  total  tons  of  coal 
producible  from  a  given  area  in  relation  to  the  total  tonnage  estimated 
to  be  in  place  in  the  ground." 

Recoverability  determinations  can  be  made  (1)  by  using  mine  maps, 
(2)  from  production  versus  reserve  base  estimates,  or  (3)  by  using 
an  average  recoverability  factor  based  on  past  experience.   All  coal 
remaining  in  the  ground  after  mining  is  completed  is  considered  as 
lost  in  mining  and  includes  coal  that  is  (1)  left  to  support  mine 
roofs,  (2)  too  thin  to  mine,  (3)  left  unmined  beneath  rivers,  lakes, 
highways,  and  legal  reservations,  (A)  left  unmined  around  oil,  gas, 
water,  and  disposal  wells,  (5)  left  unmined  as  barrier  pillars  adja- 
cent to  mine  or  property  boundaries,  and  (6)  left  unmined  because  of 
environmental,  safety,  quality,  or  hydrologic  considerations.   Coal 
losses  incurred  during  cleaning  and  preparation  are  not  considered 
when  determining  recoverability.   Recoverability  determined  in  exist- 
ing mined  areas  can  be  projected  to  similar  unmined  areas,  assuming 
other  conditions  equal,  to  calculate  reserves  from  reserve  base.   In 
the  U.S.  recoverability  in  underground  mining  ranges  from  10  to 
80  percent,  depending  on  variables  such  as  the  thickness  of  coalbed, 
security  of  roof  and  floor  rock,  operator,  and  mining  method,  but 
nationally  is  about  50  percent.   Recoverability  for  strip  mining  is 
locally  as  great  as  90  percent,  but  studies  indicate  that  nationally 
it  also  averages  about  50  percent  owing  to  barriers  left  to  protect 
mine  boundaries,  to  restrictions  on  highwalls,  and  to  restrictions 
about  mining  near  lakes,  streams,  railroads,  highways,  and  farmed 
areas. 

Resources  Categorized  by  Degree  of  Geologic  Assurance 

Two  categories  according  to  degree  of  geologic  assurance  were  used  in 
the  present  study. 

Measured  -  Tonnage  of  coal  for  which  estimates  of  the  quality 
and  quantity  have  been  computed,-  within  a  margin  of 
error  of  less  than  20  percent,  from  sample  analyses 
and  measurements  from  closely  spaced  and  geologically 
well-known  sample  sites. 

Indicated-  Tonnage  of  coal  for  which  estimates  of  the  quality 
and  quantity  have  been  computed  partly  from  sample 
analyses  and  measurements  and  partly  from  reasonable 
geologic  projections. 

The  measured  resources  estimated  for  the  Otter  Creek  EMRIA  site  and 
adjoining  area  are  within  1/4  mile  of  points  of  information;  the 
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indicated  resources  are  contained  in  bodies  whose  inner  limits  are 
1/4  mile  from  points  of  information  and  whose  outer  limits  are  within 
3/4  mile  of  points  of  information. 

Characteristics  used  in  Resource  Evaluation 

The  coal  characteristics  that  are  commonly  used  in  classifying  coal 
resources  are  the  rank,  grade,  and  weight  of  the  coal,  the  thickness 
and  areal  extent  of  the  coalbeds,  and  the  thickness  of  the  over- 
burden.  The  rank  and  grade  of  the  coal  sampled  as  part  of  this  study 
have  been  discussed  previously. 

Weight 

The  weight  of  the  coal  ranges  considerably  with  differences  in  rank 
and  ash  content.   In  areas  where  true  specific  gravities  of  the  coals 
have  not  been  determined,  an  average  specific  gravity  value  based  on 
many  determinations  in  other  areas  is  used  to  express  the  weight  of 
the  coal  for  resource  calculations.   The  average  weight  of  sub- 
bituminous  coal  is  taken  as  1,770  tons  per  acre-foot — a  specific 
gravity  of  1.30. 

Thickness  of  Beds 

Because  of  the  important  relation  of  coalbed  thickness  to  utilization 
potential,  most  coal  resource  estimates  prepared  by  the  U.S.  Geological 
Survey  are  tabulated  according  to  three  thickness  categories.   For 
subbituminous  coal  the  categories  are:   thin — 2.5  to  5  feet;  inter- 
mediate— 5  to  10  feet;  and  thick — more  than  10  feet.   In  the  Otter 
Creek  study  site  and  surrounding  area,  all  of  the  estimated  resources 
in  the  Knoblock  bed  are  in  the  thick  category. 

Thickness  of  Overburden 

Coal  resources  are  commonly  divided  into  categories  based  on  the  thick- 
ness of  overburden,  in  feet,  as  follows:   0-1,000,  1,000-2,000,  and 
2,000-3,000.   For  estimates  of  total  resources  and  undiscovered 
resources — for  example,  an  estimate  for  a  complete  coal  basinal  area — 
a  depth  of  6,000  feet  may  be  used.   However,  most  of  the  coal  in  the 
Knoblock  bed  in  the  Otter  Creek  EMRIA  site  and  surrounding  area  is 
overlain  by  200  feet  or  less  of  overburden  and  can  be  recovered  by 
surface  mining  methods.   Table  6  shows  detailed  and  aggregate  volume 
of  overburden  on  the  EMRIA  site.   Comparison  of  tables  5  and  6  indi- 
cates that  the  ratio  of  cubic  yards  of  overburden  to  total  estimated 
coal  resources  with  less  than  200  feet  of  overburden  in  the  Otter 
Creek  study  site  is  about  2  cubic  yards  of  overburden  per  ton  of  coal. 

Summary  of  Resources 

The  Knoblock  coalbed  in  the  area  around  and  including  the  Otter  Creek 
study  site — an  area  of  about  2,975  acres — contains  an  estimated  identi- 
fied coal  resources  of  about  318,284,000  tons.   The  Otter  Creek  study  site 
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per  se — an  area  about  1,177  acres  underlain  by  recoverable  coal — contains 
an  estimated  identified  coal  resources  of  about  125,862,000  tons.   All 
estimated  coal  resources  in  the  Knoblock  bed  are  categorized  as  measured 
and  indicated  resources  and  all  but  about  62,000,000  tons  are  at  depths 
of  less  than  200  feet.   The  overall  ratio  of  cubic  yards  of  overburden 
to  tons  of  coal  in  the  area  with  200  feet  or  less  of  overburden  is  about 
two  cubic  yards  of  overburden  per  ton  of  coal. 

Trace  Elements 

Twenty-eight  core  samples  of  the  Knoblock  and  Flowers-Goodale  coalbeds 
and  thirty-nine  core  samples  of  the  rock  sequence  above  and  below 
the  Knoblock  were  analyzed  for  the  following  constituents  following 
the  procedure  shown  on  figure  A. 

As  an  aid  in  solution  of  problems  of  coal  utilization,  the  Geological 
Survey  Analytical  Laboratories  routinely  provide  the  following 
analytical  determinations  on  all  samples: 

1.  Proximate  analysis  for  percent  moisture,  volatile  matter, 
fixed  carbon,  and  ash:   Ultimate  analysis  for  percent 
hydrogen,  carbon,  nitrogen,  oxygen,  and  sulfur;  and, 
forms-of-sulfur  analysis  for  percent  sulfate-sulfur, 
pyritic  sulfur,  and  organic  sulfur. 

2.  Major  composition  of  the  ash  of  coal — percent  ash,  Si02 
A1203,  Na20,  K20,  CaO,  MgO,  Fe20  ,  P  0  ,  CI,  MnO,  Ti02 
and  SO., 

3.  Trace  element  composition  of  coal 

a.  Individual  quanitative  determinations — ppm  As,  Cd, 
Cu,  F,  Hg,  Li,  Pb,  Sb,  Se,  Th,  U,  and  Zn. 

b.  Semiquantitative  spectrographic  analysis — ppm  of  20-30 
elements  detected  by  this  method. 

Results  of  the  analytical  determinations  are  listed  here  in  tables  7, 
8,  9,  and  10. 

Table  11  compares  analyses  of  twenty-four  samples  of  the  Knoblock  coal- 
bed  in  the  Otter  Creek  area  to  sixty-seven  samples  of  subbituminous 
coals  from  7  mines  and  12  drill  holes  in  the  Powder  River  Basin 
of  Wyoming  and  Montana  (Swanson,  Huffman,  and  Hamilton,  1974) .   The 
lower  heat  value  (Btu) ,  greater  moisture  and  oxygen  content,  and 
smaller  fixed  carbon  content  of  the  Knoblock  coal  as  compared  to  the 
average  of  subbituminous  coals  in  the  Powder  River  Basin  is  a  direct 
reflection  of  the  lower  range  (lesser  degree  of  metamorphism)  of  the 
Knoblock  coal.   There  are  no  other  significant  differences  shown  by 
the  comparison  in  table  11. 
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Figure  4 
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Table  11. — Comparison  of  composition  of  Knoblock 
with  composition  of  subbiturcinous  coals  of 
the  Northern  Great  Plains 


Knoblock  coal 
(24  samples) 


NGP  subbiturainous 
coals  (67  samples)  1/ 


Btu 


8,110 


9,000 


in  percent 


Moisture  (as  rec'd 
Fixed  carbon  (as  rec'd) 
Oxygen  (as  rec'd) 
SiO  (in  ash) 

Na20   "  " 

CaO    "  " 
MgO    "  " 


30 
35 
39 
38 


16 
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20 
38 
30 
25 
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15 
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in  parts  per  million 


As 

(whole 

c 

Dal 

) 

B 

ft 

Ba 

it 

Hg 

tt 

Pb 

tt 

Se 

tt 

U 

tt 

Zn 

tt 

2 

70 
300 
0.05 
6.4 
0.4 
0.8 

13 


2 

50 

200 

0.03 

6 

0.8  (51  samples) 
0.7 
7 


1/  Swanson,  V.  E. ,  Huffman,  Claude,  Jr.,  and  Hamilton,  J.  C. ,  1974, 

Composition  and  trace-element  content  of  coal,  Northern  Great  Plains  area: 
Contribution  to  Mineral  Resources  Work  Group,  Northern  Great  Plains 
Resources  Program 
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Table  12  shows  the  range  of  and  average  elemental  content  on  the 
whole-coal  basis,  of  those  constituents  commonly  regarded  as  being 
of  importance  from  the  standpoint  of  coal  utilization.   Some  of  the 
elements,  such  as  mercury  and  arsenic,  are  of  interest  because  of 
the  environmental  problems  that  might  occur  if  they  are  present  in 
inordinate  amounts;  others  such  as  thorium  and  uranium  are  of 
interest  because  they  could  be  recovered  from  coal  ash  if  they  are 
present  in  sufficiently  large  quantities.   Based  on  the  average 
5.5  percent  ash  content  of  the  Knoblock  coal,  trace  elements  such 
as  thorium  and  uranium  will  be  enriched  in  the  ash  approximately 
18  times  their  whole-coal  average. 

The  average  concentration  of  trace  elements  in  the  Knoblock  coalbed 
in  the  Otter  Creek  area  is  shown  in  table  12.   Generally  this  con- 
centration is  less  than  the  average  for  these  elements  in  the 
continental  crust  (Taylor,  1964).   Only  selenium,  0.4  ppm  for  the 
Knoblock  compared  to  0.05  ppm  for  the  crustal  average,  is  higher. 
Even  this  amount  is  relatively  low. 
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Table  12. — Elements  that  can  affect  potential  utilization 
of  coals — content  in  24  samples  from  Otter  Creek  area  in 
parts  per  million 


Concentration  in  Knoblock  bed  Average,  Contin- 

ental crust  (Taylor, 


1964)  1/ 


Element 

Range 

Averai 

As 

1-12 

2 

Cd 

0.1  -  .1 

.1 

Cu 

3.2  -  12 

6.4 

F 

25  -  85 

48 

Hg 

0.01  -  .32 

0.5 

Li 

2.5  -  13 

6.7 

Pb 

2.6-35 

6.4 

Sb 

0.1  -  0.7 

.4 

Se 

0.1  -  1.0 

.4 

Th 

2.0  -  7.3 

3.0 

U 

0.1  -  1.6 

.8 

Zn 

4.7  -  90 

13 

1.8 
.2 
55 
625 
.08 
20 
12.5 
.2 
.05 
9.6 
2.7 
70 


1/  Taylor,  S.  R.,  1964,  Abundance  of  chemical  elements  in  the  continental 
crust:  A  new  table:  Geochim.  et  Cosmochira. 
Acta,  v.  28,  no.  8,  p. 1273-1285 
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SOIL 

General  Description 

In  the  detailed  soil  inventory  of  the  Otter  Creek  Study  site,  ten  soil 
series  were  delineated  to  identify  their  potential  for  use  in  recon- 
structed soil  profiles  in  surface  coal  mine  reclamation.   In  addition, 
the  soil  mapping  units  described  include  texture,  slope  and  erosion 
phases. 

The  ten  series  are  evenly  divided  between  the  orders  of  Aridisols  and 
Entisols,  but  the  areal  distribution  of  the  Entisols  is  much  greater. 
The  ten  soil  series  are  characterized  with  respect  to  their  use  for 
surface-mined  reclamation  as  follows: 

Series  9001 — A  fine-loamy,  calcareous,  mesic,  Ustic  Torrifluvents. 
This  deep  soil  has  few  limitations  on  its  use  in  a  reconstructed 
profile.   Good  infiltration,  and  moisture  retention  coupled  with  low 
salinity  make  it  a  productive  soil.   The  limitations  are:  slight 
erosiveness  by  wind  and  water,  low  fertility,  and  high  lime  zones 
which  may  affect  soil  structure  if  used  on  the  surface.   Depth  to 
shale  ranges  from  10  to  more  than  20  feet. 

Series  9002 — Fine-montmorillonitic  to  medium-loamy,  mesic,  Ustollic 
Haplargids.   This  moderately  deep  soil  is  productive  and  well  suited 
for  use  in  reclamation  work.   Moderate  to  good  infiltration,  low 
salinity,  high  moisture  retention,  and  moderate  fertility  level  are 
its  best  features.   Soil  with  moderate  infiltration  can  increase  the 
erosion  hazard  by  reducing  moisture  intake  if  used  on  the  surface  where 
slopes  are  over  7  percent.   Depth  to  shale  ranges  from  30  inches  to 
more  than  60  inches. 

Series  9003 — A  medium-fine-loamy  to  fine-loamy,  calcareous,  mesic, 
Ustic  Torriorthents.   This  shallow  soil  has  many  limitations  for  use 
in  reclamation  work.   The  surface  soil  is  usually  nonsaline  and  non- 
alkaline  on  smooth  and  gently  rolling  slopes  where  a  "typical"  profile 
may  be  found.   Good  moisture  retention  and  moderate  fertility  level 
are  its  best  characteristics.   The  surface  material  in  this  soil  is 
extremely  variable  ranging  from  10-12  inches  of  nonsaline,  nonalkaline 
surface  soil  to  saline  clays  and  saline-alkali  fine-loamy  material. 
Lack  of  depth,  and  saline  and/or  alkali  material  limits  its  effective 
use.   These  soils  are  usually  on  moderate  to  severe  slopes  and  this 
physical  limitation  on  stripping  and  stockpiling  precludes  their  use 
on  many  locations.   The  depth  to  shale  ranges  from  the  surface  to 
about  14  inches.   Here  the  underlying  geologic  material  ranges  from 
clay  to  siltstone  which  may  be  saline-alkali  or  nonsaline,  and  non- 
alkaline.   The  underlying  coarse  siltstone  and  fine  sandstone  are  best 
for  reclamation  use.   Some  clayey  shale  beds  can  be  used  effectively 
below  18  inches  in  reconstructed  profiles. 

Series  9004 — A  fine-loamy,  mixed,  mesic,  Ustollic  Camborthids.   This 
soil  has  few  limitations  for  reclamation  use.   It  has  good  infiltration 
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and  moisture  retention,  low  salinity,  and  moderate  fertility.   Signif- 
icant limitation  are  zones  of  high  lime  concentrations  and  slight 
erosiveness.   Depth  to  shale  ranges  from  8  to  more  than  12  feet. 

Series  9005 — A  medium-loamy,  calcareous,  shallow,  frigid,  Borollic 
Torriorthents.   They  are  generally  well  suited  for  use  in  reclamation. 
Good  infiltration  and  moisture  retention  and  low  salinity  are  the 
desirable  characteristics  of  this  soil.  Minor  limitations  are  wind 
erosion  hazard  and  moderately  low  fertility.   Depth  to  geologic  strata 
is  the  principal  limitation.  Depth  to  shale  ranges  from  25  to  more 
than  60  inches.   The  soils  located  on  tabular  divides  are  shallow  to 
silty  shale  and  masses  of  indurated,  lenticular  sandstone  are  common. 
The  highly  weathered  shale  underlying  the  divides  is  often  nonsaline 
and  nonalkaline.   On  the  moderate  to  gentle  slopes  the  soil  is  deeper 
but  the  underlying  materials  is  fine  loamy  to  clayey  shale.   The  type 
and  quality  of  the  geologic  material  is  quite  diverse  and  its  char- 
acteristic texture,  salinity,  sodicity  should  not  be  projected  to 
large  or  distant  areas  with  similar  surface  soils. 

Series  9006 — A  medium  loamy,  calcareous,  mesic,  Ustic  Torrifluvents. 
This  deep  soil  is  often  highly  saline  in  the  lower  solum  and  alluvial 
parent  material.   The  upper  solum  has  few  limitations  on  its  use  in 
reclamation  profile.   The  lower  solum  if  placed  properly  in  a  recon- 
structed profile  can  also  contribute  significantly.   The  better  char- 
acteristics of  this  material  are  good  infiltration  and  moisture 
retention.   Salinity  of  the  lower  solum  and  alluvial  parent  material 
below  2-3  feet  will  limit  use  of  this  material.   It  is  very  permeable 
and  will  not  be  toxic  of  placed  below  24  inches.   Depth  to  shale  ranges 
from  5  to  over  10  feet. 

Series  9007 — A  fine  loamy  montmorillonitic  Borollic  Natrargids.   They 
have  fair  to  poor  utility  for  use  in  reclamation  of  coal-mined  area. 
Locally  these  solenetzic  soils  are  in  an  intermediate  stage  of  change. 
In  favorable  locations,  on  tabular  divides  and  smooth  gentle  slopes 
the  sodium  has  leached  downward  to  about  24  to  30  inches  and  the  upper 
solum  is  of  fair  to  good  quality.   These  soils  are  moderately  permeable, 
low  in  salinity  and  sodium,  and  retain  moisture  well.   The  physical 
conditions  of  the  B  horizon  is  fair  to  poor.   Use  of  material  from 
tracts  with  more  than  30  percent  slick  spots  should  be  avoided.   Depth 
to  shale  and/or  sodic  siltstone  is  from  6  to  more  than  36  inches. 

Series  9008 — A  mixed  loamy  shallow,  calcareous,  mesic,  Ustic 
Torriorthents.   The  soils  material  has  no  limitations  for  use  in 
reclamation  of  surface-mined  area.   Best  characteristics  are  moderate 
fertility,  good  infiltration  and  moisture  retention.   Reconstructed 
profiles  using  this  soil  on  the  surface  will  be  productive.   This  soil 
overlies  major  areas  of  baked  rock  and  it  may  not  be  mined.   It  is  also 
quite  shallow,  and  ranges  6  to  24  inches  to  the  baked  rock  which  may  be 
coarse  unconsolidated  sandstone  or  hard  fine  siltstone.   The  under- 
lying geologic  strata  is  quite  sterile  and  borrowing  soil  material  from 
from  this  mapping  unit  should  be  avoided  if  possible. 
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Series  9009 — A  medium  loamy,  calcareous,  mesic,  Ustollic  Torrifluvents. 
These  soils  consist  of  saline  alkali,  colluvial,  and  local  alluvial 
material  derived  from  shales.   The  upper  solum  is  generally  well 
suited  for  surface-mined  reclamation.   Its  desirable  characteristics 
are  good  infiltration  and  moisture  retention  and  low  salinity  and 
alkalinity.   Limitations  include  potential  erosion  hazard  by  wind  and 
water  and  low  fertility  level.   The  depth  of  this  layer  is  quite  un- 
predictable except  that  in  the  absence  of  slick  spots  it  is  usually 
no  less  than  2  feet  deep.   The  lower  solum  and  alluvial/ colluvial 
parent  material  are  usually  saline  and  alkaline.   Some  of  this  mate- 
rial may  be  used  in  reconstructed  profiles  but  its  selection  and 
placement  are  very  important. 

Series  9010 — A  fine  montmorillonitic,  mesic,  Ustollic  Haplargids. 
Reconstructed  soil  profiles  derived  from  this  deep  soil  will  be 
productive.   The  most  favorable  characteristics  are  good  moisture 
retention  and  low  salinity  and  alkalinity.   Limitations  include 
moderately  slow  permeability,  slight  to  moderate  salinity  in  the  lower 
solum  and  colluvial/alluvial  parent  material.   Depth  to  shale  ranges 
from  4  to  more  than  10  feet. 

Detailed  descriptions  of  the  ten  soil  series  are  shown  on  plates  20 
through  24.   Evaluations  of  other  soil  use  capability  are  shown  in 
Appendix  A. 

Methods 

Field  mapping  was  done  on  aerial  photographs  at  a  scale  of  1  inch 
equals  400  feet.   Topographic  drawings  at  a  scale  of  1  inch  equals 
1,000  feet  with  20  foot  contour  intervals  were  used  for  reference  when 
classifying  the  land.   Abney  hand  levels  were  used  to  supplement  the 
topographic  drawings. 

Representative  soil  boring  sites  were  selected,  and  the  profiles 
examined  and  evaluated  in  most  sizable  areas.   Additional  nontypical 
profiles  were  recorded  in  the  heterogeneous  soil  areas  to  show  the 
variation  within  the  mapping  unit.   This  information  was  supplemented 
by  nonrecorded  profile  examinations  as  required.   Nonrecorded  profiles 
are  often  located  in  transitional  tracts  because  soil  boundaries  can 
be  more  accurately  determined.   In  this  investigation  depth  to  and 
quality  of  shale  substrata  is  very  important  and  many  of  these  pro- 
files were  used  to  determine  these  characteristics. 

The  0  to  16  inch  part  of  the  soil  profile  was  exposed  with  a  tile 
spade,  and  the  physical  properties  of  the  soil  were  evaluated. 
Particular  attention  was  given  to  soil  structure,  consistence  and 
texture.   Observable  indications  of  salinity  and  alkalinity,  the  color 
of  the  soil,  and  root  penetration  were  recorded. 

Effervescence  with  dilute  hydrochloric  acid  was  also  checked.   Soil 
profiles  selected  for  possible  testing  in  the  greenhouse  study  were 
excavated  to  36  or  more  inches  with  a  tile  spade  and  below  this  with 
a  hand  auger  to  10  feet.   Below  16  or  36  inches  the  soil  profile  was 
exposed  for  examination  and  sampling  with  a  hand  auger  or  a  mechanical 
core  machine.   Using  this  basic  soil  information  the  interrelated 
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effect  of  the  soil,  topography,  and  drainage  on  the  potential  of  the 
tract  for  use  in  surface-mined  reclamation  was  determined.  When  the 
field  evaluation  is  completed,  preliminary  land  class  boundaries  and 
symbols  were  put  on  aerial  photographs. 

Systematic  traverses  were  not  used  in  this  land  classification  survey. 
Instead  representative  profiles  of  most  soil  types  were  evaluated. 
Specific  soil  conditions  were  covered  better  by  this  method.   Most 
soil  profiles  were  examined  to  5  feet.   Numerous  10-foot  borings  or 
to  gravel  or  hard  shale  were  made  to  check  the  characteristics  of 
the  overburden  below  the  solum. 

A  soil  laboratory  was  used  extensively  in  connection  with  the  land 
classification  survey  and  screening  tests  were  performed  on  all  soil 
samples.   These  tests  included  pH,  settling  volume,  disturbed  hydraulic 
conductivity,  and  soluble  salts  of  a  1  to  5  soil  water  suspension. 
More  detailed  soil  analyses  were  made  as  needed.   Tests  and  analyses 
listed  below  were  made  on  each  horizon  of  the  master  sites. 

Soil  samples  from  natural  horizons  and  layers  were  tested  in  the 

laboratory.   Tests  in  the  following  list  were  performed  on  soil  samples 

as  needed  for  proper  evaluation.   The  results  are  shown  on  plates  25  and  26 

PSA  -  The  procedure  is  a  modification  of  the  pipette  method.   The  soil 
is  not  treated  with  hydrogen  peroxide  for  destruction  of  organic  matter, 
and  is  not  washed  for  removal  of  salts  (Kilmer  and  Alexander,  1949) . 

Moisture  retention  -  Porous  plates  are  used  for  moisture  retention 
measurement  of  soils  at  all  pressures  (Richards,  1947  and  1949b  and 
Richards  and  Weaver,  1944). 

Disturbed  hydraulic  conductivity  -  Soils  are  tamped  mechanically.   City 
water  is  used  for  the  test.   The  temperature  of  the  water  is  main- 
tained at  about  85  degrees  F.  (Fireman,  1944). 

Settling  volume  -  The  soil  used  for  the  1:5  dilution  measurements  is 
used  for  this  determination.   Distilled  water  and  1C  ml  of  30%  calcium 
chloride  solution  are  used  (U.S.B.R.  Reclamation  Instructions,  1967). 

pH  -  Measured  with  Beckman  Expandomatic  pH  meter. 

Saturation  extract  -  Samples  are  mixed  by  hand  and  extract  removed 
with  a  Baroid  filter  press.   No  preservative  added. 

Calcium  and  Magnesium  -  Determined  by  EDTA  titration. 

Sodium  and  Potassium  -  Determined  with  Baird-Atomic  Model  KY3  flame 
photometer  and  Perkin-Elmer  Model  306  atomic  absorption  spectrophoto- 
meter. 

Carbonate,  bicarbonate,  chloride,  and  sulfate  -  All  are  based  on  U.S. 
Geological  Survey  procedures  (Brown  and  others,  1970). 
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The  carbonate  end-point  is  taken  as  pH  8.2. 

Chloride  is  determined  by  the  Mohr  method. 

Sulfate  is  determined  by  the  Thorin  method  using  Bausch  &  Lomb  spectro- 
photometer Spectronic  20. 

Nitrate  -  Determined  by  phenoldisulfonic  acid  method  and  Bausch  and 
Lomb  spectrophotometer  Spectronic  20  (U.S.  Salinity  Laboratory  Staff, 
1954). 

Exchangeable  sodium  and  potassium  -  Based  on  soluble  cations  in 
saturation  extract  and  extractable  cations  extracted  with  neutral 
normal  ammonium  acetate  and  measured  with  Baird  Atomic  Model  KY3  flame 
photometer  and  Perkin-Elmer  Model  306  atomic  absorption  spectrophoto- 
meter (U.S.  Salinity  Laboratory  Staff,  1954). 

Same  reference  as  above 

Gypsum  -  The  high  moisture  percentage  is  a  1:5  dilution  (U.S.  Salinity 
Laboratory  Staff,  1954) . 

Gypsum  requirement  -  Difference  between  Ca  concentration  of  added 
gypsum  solution  and  Ca+Mg  Concentration  in  filtrate,  as  meq/liter, 
times  2  (U.S. Salinity  Laboratory  Staff,  1954). 

Calcium  carbonate  equivalent  -  Back  titration  with  0.4N  NaOH  to 
neutralize  0.4N  HC1  remaining  after  boiling  period.   Two  drops  of 
phenolphthalien  indicator  are  used  (U.S.  Salinity  Laboratory  Staff, 
1954). 

Organic  carbon  -  The  wet-combustion  method  of  Walkley  is  used,  and 
diphenylamine  is  the  indicator  (Walkley,  1947). 

Cation  Exchange  Capacity  -  Determined  by  using  1.0N  sodium  acetate 
solution  at  pH  8.2  and  1.0N  ammonium  acetate  at  pH  7.0.   Sodium 
determined  by  Perkin-Elmer  Model  306  atomic  absorption  spectrophoto- 
meter. 

The  field  evaluation  of  the  soil  quality  mapping  units  was  made  in 
accordance  with  specifications  developed  for  this  investigation.   These 
specifications  are  on  table  13.  When  laboratory  analyses  and  other 
data  became  available  the  field  evaluation  was  reviewed,  changed  as 
needed  and  finalized. 


Separable  land  classification  delineations  are  described  on  table  14. 
The  soil  type  and  the  most  important  characteristics  are  contained  in 
the  description.   Other  factors  covered  are  topography,  vegetation, 
and  the  expected  management  requirements  for  reclamation. 


84 


LAND  CLASSIFICATION  SPECIFICATIONS  -  SURFACE  MINE  RECLAMATION 
Source  of  Planting  Media  Material  for  Revegetatlon  of  Disturbed  Areas 
BLM/BR  Cooperative  Program  EMRIA 
Otter  Creek  Study  Site  -  Montana 


Table  13 

United  States 

Department  of    Interior 

Barest!  of  Reclsssitioa 

August  1974 


mi 


Lend  CharaomerlStlcs 


SOILS 

Textures 

Very  light 


Sandy   loams   to  day  lo 


-Sandy  loam  to  silty  clay  loams.  Loamy  sand  to  silty  clay  loam.  Loamy  sand  to 


lay. 


Sandy  loams   sufficiently  coarse 
to  slightly  reduce  productivity, 
moisture  retention  and  may   in- 
crease erosiveness  slightly. 


Loamy  sand   in  sufficient  quantity  Loamy  sand   in  sufficient  quantity 

to  moderately  reduce  productivity  to  severely   reduce  productivity 

and  moisture  retention,   and  may  and  moisture  retention,   and  may 

increase  erosiveness  moderately.  increase  erosiveness  severely. 


Depth 

Soil  depth  to  shale  or 
other  geologic  strata 

Alkalinity  and  Sal laity 


Silty  clay  loams  generally 
should  be  placed  below  12" 
reconstructed  profile. 


If"  to   36**  of  good   free-working 
soil. 


36"  or  more  of  good  free- 
work  lag  BSU. 

Sufficient  overburden     (soil  Same  as  Class  1. 

and  geologic  strata)  to  produce 
a  60"  profile  that  has  less 
than  3.0   Bill  equivalents   of 
exchangeable  sodium  per  100  grans 
of  soil   for  cation  exchange  capa- 
cities of  leas  than  25  mille- 
quivaleots  per  100  grams,    or  leas 
than  12  percent  for  exchange 
capacities  of  25  alllequlvaleut* 
per  100  grans  or  greater.      Io  the 
absence  of  specific   field  perme- 
ability information  and  complete 
sodium/ exchange  capacity  analyses 
the  SAR  should  not  exceed   9   in 
clay  textures,   the  limit   ranging 
with  texture  to  SAR  20   in  loamy 
sands. 

Overburden  with  characteristic*     Overburden  with  characteristics 


(chemical  and  physical)  capable 
of  producing  an  expected  elec- 
trical conductivity  at  equili- 
brium with  the  natural  precip- 
itation as  follows  must  be 
available. 

Depth  EC  x  103     Is  available 
0-36"  £~4"70"  readily 


(chemical  and  physical)  capable 
of  producing  an  expected  elec- 
trical conductivity  at  equili- 
brium with  the  natural  precipita- 
tion as  fallows  must  be  avail- 
able. 


Depth  EC  x 

o~3Jr"  2T0 


10      Is   Available 


Placement  of  silty  clay  loams 
same  as   S  2. 


10"  to  18"  of 'a/>*d  "-free-working 
soil. 

Same  as  Class  1. 


Clays  should  be  placed  in  the 
reconstructed  profile  at  a   depth 
that  will   not  adversely  affect 
revegetation. 

0"   to  10"  af  good   free-  , 
working  soil. 


Overburden  with  characteristics 
(chemical  and  physical)  capable 
of  producing  an  expected  elec- 
trical conductivity  at  equili- 
brium with  the  natural  precipita- 
tion as  follows  must  be  available. 


readily 


Depth  EC  «  10 
0-18"^TX0 


la  available 
readily 


Overburden  with   characteris- 
tics (chemical  and  physical) 
capable  of  producing  an  ex- 
pected electrical  conductivity 
at  equilibrium  with  the 
natural  precipitation  as 
follows  must  be  available. 

Depth  EC  x  103  Is  Available 
0-10"  <~4"70  scarcely 


Moisture  Retention 


Overburden  material  capable  of 
retaining  7  to  8"  of  available 
water  In  48"   of  material. 


Overburden  material  capable  of 
retaining  5  to  7"  of  available 
water   in  48"   of  material . 


Overburden  capable  of  retaining 
3.5  to  5"  of  available  water  la 
4S"  of  material. 


Overburden  material   capable 
of  retaining  3"  or  more  of 
available   water   In  4S"  of 
material. 


Field   Infiltration  Rate 


,30"/hr.   0-24"    (Average  rate 
of  total    Infiltration   in  12 
hours)    .20"/hr.    24-48" 
(Saturated   flow) 


.25"/hr.  0-12"  (Average  rate  of 
total  infiltration  la  10  hours) 
.12"/hr.   12-4«"    (Saturated   flow) 


.20"/hr.  0-12"  (Average  rate  of 
total  infiltration  in  10  hours) 
.06"/hr.    12-48"    (Saturated    flow) 


as  S  3. 


TOTOCRAm 
Slope 

Indurated 

Sandstone 

Stone, 

n«g« 

and 

shards 

Permissible  surface  gradient 
0  to  3%;   *2   -  3  to  TO;   g»   - 

f  to   123.. 


Pemlaaible  axooe  in  surface 
soil  that  nay  be  stockpiled 
and   reused  as  surface  soil 

.0  to  2.S"    -  S% 
2.5  to  10"  <  5% 


Permissible  surface  gradient 
0  to  3%;  g-  -  3  to  7%;  gj  - 
7  to  12%. 


Permissible  stone   In  surface 
soil  that  may  be  stockpiled 
and  reused  as  surface  eoll 
0  to  2.5"    -  10* 
2.5  to  10"<10% 


Maaslve  and   lenticular 


1  to  5%  of  area. 


Permissible  surface  gradient 
0  to  3%;  g,  -  3  to  TO;  g3  - 
7   to  123,;   and  g^  -  12   to  20%. 


Permissible  stoma   In  surface 
soil  that  say  be  stockpiled 
and   reamed  as  surface  soil 
0  to  2.S"    -  20% 
2.5   to  10" < 10% 

5  to  20%  of  area. 


Permissible  slope  gradient 
All  slope  classes. 


Permissible   stone   In  surface 
soli   that  may  be  ateckplled 
aad   reused  as   surface  soil 
0  to  2.5"    -  25% 
2.5   to  10"<15% 

More   than  20%  of  area. 


GEOLOGIC   STRATA 


Sufficient  free  working  and  nontoxic  material  to  supplement  the 

material  must  meet  the  alkalinity  requirements   for  sodium  listed  above.      Salinity,    expressed  as  electrical   comaWt  ivity  DC 
Increase  below  the  primary  root  zone  of  native  plants  used  to  re  vegetate  the  area.      Permissible   salinity  levels  must  net   inhibit  or 
seriously  reduce  plant  growth. 


liable  soil  material   for  a  mlniaua  3-foot   reconstructed   profile        This 

—  x  10*.   amy 


This  symbol   with  appropriate   informative  subeymbols   Is   used  to  delineate  mapping  units   that  are  generally  unsuited   for  stripping  and  stock- 
piling surface  material .     One  or  a  combination  of  the   following   deficiencies    la  a  mapping  mult  any  result   la  the  use  of  this  symbol: 
(1)    insufficient   surface  soil   and  geologic  strata  of  suitable  quality  at  or  near  the  surface,    (2)  adverse  surface  topography   Including 
excessive  slopes,    severely  ondulatlng  complex   slopes  and   indurated  sandstone  ledges;    (3)   rocklands  with  large  amounts   of  naaalve   Indurated 
surface  sandstone;    (4)  toxic  overburden,    soil   and/or  geologic  strata,   on  or  near  the  surface.      Reclamation  of  lands  with  these  deficiencies 
will  require  material   from  outside  the  sapping  unit  or  from  deep  geologic  strata. 
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Results  of  Land  Classification  and  Soil  Inventory 

Plates  27,  28,  and  29  show  the  results  of  the  1971  Soil  Survey  of  the 
area.   A  description  of  the  soil  series  and  soil  associations  are  also 
shown  on  these  drawings.   These  data  are  from  the  Soil  Survey,  Powder 
River  area,  Montana.   The  Soil  Survey  was  performed  jointly  by  Soil 
Scientists  of  the  Soil  Conservation  Service,  Forest  Service,  and  the 
Bureau  of  Land  Management. 

In  July  of  1974  the  Bureau  of  Reclamation,  working  under  contract  for 
the  Bureau  of  Land  Management  started  a  detailed  investigation  of  soil 
and  geologic  resources  of  a  specific  site  in  the  Otter  Creek  area. 
The  soil  investigation  was  designed  to  record  the  existing  soil  con- 
ditions and  to  determine  the  potential  of  the  overburden,  soil  and 
geologic  strata,  for  use  in  surface-mined  revegetation  and  reclamation, 
Two  methods  of  soil  mapping  were  used  to  delineate,  describe,  and 
record  the  results  of  this  investigation.   The  results  and  a  brief 
description  of  each  method  follows: 

Land  Classification  Surveys 

This  detailed  survey  delineates  five  basic  soil  classes,  1  through  4 
and  6.   These  classes  are  based  on  the  quality  and  quantity  of  the 
soil  material  and  its  potential  for  use  in  surface-mined  reclamation. 

The  slope  phases  delineated  in  the  soil  inventory  were  retained  as 
separable  mapping  units.   The  tabulation  of  the  results  of  this  survey 
combines  many  of  the  slope  phases  as  their  usefulness  in  evaluating 
the  reclamation  potential  dictates.   The  results  of  this  land  classi- 
fication survey  are  recorded  on  plates  30,  31,  and  32  which  show  the 
location,  a  tabulation  of  the  laboratory  results,  and  a  brief  state- 
ment evaluating  the  reclamation  potential  of  each  soil  horizon  or 
significant  layer  in  each  profile.   A  detailed  tabulation  separating 
the  mapping  units  into  soil  quality  and  topographic  groupings  is  also 
on  these  drawings. 

The  following  summary  tabulation  records  the  results  of  the  survey 
in  basic  soil  quality  groups: 

SI       S2       S3       S4       S6     Total 
Location    Acres  %     Acres  %_  Acres  %     Acres  1_    Acres  %_    Acres 

Sec. 26-3-45  84  20  49  12  69  16  83  20  135  32  420 

Sec. 34-3-45  38  8  72  16  81  18  123  28  126  29  440 

Sec. 2-4-45  128  29  47  11  40  9  118  27  107  24  440 

Total  250  19  168  13  190  15  324  25  368  28  1,300 

Supporting  data  include  Master  site  data  shown  on  plate  33  and  soil 
profile  descriptions  recorded  on  BLM  form  7310-9  in  Appendix  A. 
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Soil  Inventory 

This  detailed  survey  delineates  10  soil  series  and  37  phases.   This 
survey  was  performed  in  connection  with  a  detailed  land  classification. 
These  data  are  recorded  in  plates  34,  35,  and  36  which  show  the 
location  and  extent  of  the  various  mapping  units.   Also  shown  on  these 
plates  are  the  tabulations  of  the  soil  series  and  phases.   All  soil 
profiles  examined  and  recorded  on  BLM  Form  7310-9  are  in  the  Appendix  A, 
material.   Data  from  the  Master  sites  are  shown  on  plate  33. 

The  following  tabulation  summarizes  the  amount  of  land  in  each 
mapping  unit. 

Mapping      Sec.  26  Sec.  34  Sec.  2        USDA 

Units  T.  3  S.,  R.  45  E.  T.  3  S.,  R.  45  E.  T.  4  S.,  R.  45  E.  Series 


9001 


35.9 


Haverson 


9002 

10.8 

9003 

176.9 

9004 

14.4 

9005 

57.8 

9 

9006 

12.0 

9007 

46.9 

31.4 

23.3 

Thurlow 

317.3 

260.1 

Midway 

13.8 

78.0 

McRae 

30.7 

Lambeth 

14.5 

16.1 

Unnamei 

1.5 

4.2 

Unnamei 

9008 


4.9 


23.3 


Unnamed 


9009 


31.3 


Unnamed 


9010 


18.4 


Heldt 


Total 


355.0 


432.5 


436.0 


Following  the  completion  of  the  detailed  soil  inventory  in  the  above 
sections  mapping  units  were  extended  into  the  adjacent  sections. 
Section  35,  T.  3  S.,  R.  45  E.,  and  Section  3,  T.  4  S.,  R.  45  E.,  were 
examined  in  lesser  detail.   The  results  of  this  survey  and  the  detailed 
survey  are  shown  on  plate  37.  A  tabulation  is  also  shown. 

Alternative  Methods  of  Reclamation 

The  objective  of  reclamation  of  surface-mined  areas  as  defined  by 
Montana  State  Law  is  to  return  the  mined  lands  to  approximately  their 
natural  state.   Reclamation  shall  be  accomplished  by  revegetating  with 
principally  native  plants  on  slopes  with  similar  gradients  to  present 
conditions,  but  not  exceeding  20  percent.   Toxic  material  encountered 
must  be  placed  8  feet  below  the  surface. 


93 


Within  these  constraints  three  alternate  methods  of  reclamation  are 
considered: 

Method  1.  -  Reclaim  mined  areas  using  a  similar  distribution 
of  shallow  and  deep  soils  as  found  in  the  natural  state. 

Method  2.  -  Reclaim  mined  areas  using  a  uniform  depth  of  the 
available  high  quality  overburden,  within  economic  limits,  through- 
out the  reclaimed  area. 

Method  3.  -  Reclaim  mined  areas  by  reconstructing  quality  profiles 
in  areas  of  equivalent  size  and  agricultural  development  potential 
for  dry  farming,  irrigation  as  now  exists.   Small  tracts  of  high 
quality  deep  soils  may  be  consolidated  to  enhance  the  agricultural 
potential  of  the  reclaimed  area. 

Three  types  of  land  areas,  resulting  from  the  interrelated  effect  of 
soil,  topography,  and  drainage,  are  common  in  the  Otter  Creek  study 
site.   Some  tracts  of  land  are  suited  only  for  range  and  wildlife. 
The  soil  is  shallow  with  many  shale  exposures,  and  sandstone  bluffs 
are  common.  Another  land  type  consists  of  shallow  and  deep  soils. 
The  deep  soils  have  good  potential  for  dry  farming  except  for  the  size 
of  the  tracts.   The  third  type  of  land  area  consists  of  sizeable 
tracts  of  deep,  high  quality  soils  with  surrounding  and  interspersed 
shallow  to  moderately  deep  soils. 

The  SW-1/4  of  Section  34,  T.  3  S.,  R.  45  E.  would  most  likely  be  re- 
claimed by  Method  1.   Small  tracts,  with  deep  overburden  of  good 
quality  are  interspersed  in  large  tracts  with  shallow  overburden. 
The  potential  yield  of  good  quality  overburden  (soil  and  geologic 
strata)  near  the  surface  is  inadequate  to  appreciably  change  the  over- 
all depth  of  good  material  in  the  reconstructed  profile.   A  more 
logical  source  of  additional  material  would  be  from  the  deeper  geo- 
logic strata.   In  this  area  the  zones  from  0  to  14  feet  and  140  to 
166  feet  in  Drill  Hole  74-101  are  available  for  use.  Mimimal  stock- 
piling of  overburden  will  be  required.   The  best  use  of  the  available 
good  quality  overburden  would  be  to  strip  and  spread  it  on  prepared 
slopes  in  a  single  operation. 

The  reclaimed  area  would  be  best  suited  for  range  and  wildlife.  At 
other  locations  with  different  ownership  patterns,  similar  areas  would 
have  considerable  utility  for  recreation.   However,  the  soil-plant 
association  would  be  improved  only  slightly  from  the  present  conditions 
and  controlled  usage  by  livestock  will  be  necessary  for  several  years 
after  return  to  private  management. 

A  generalized  reconstructed  profile  for  this  area  is  shown  on  figure  5. 

The  SW-1/4  of  Section  26  and  the  NE-1/4  Section  34,  T.  3  S.,  R.  45  E. 
are  well  suited  to  reclamation  by  Method  2.   The  tracts  with  deep, 
high  quality  overburden  are  randomly  interspersed  throughout  these 
quarter  sections.   The  shallow  geologic  strata  here  is  in  places  quite 
adverse  so  it  is  very  important  to  use  the  available  surface  over- 
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Figure  5   (cont) 
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Figure  5 (cont) 
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Figure  5   (cont) 
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Figures   (cont) 
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Figure  5    (cont) 
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Figure  5   (cont) 
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Figure  5   (cont) 
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Figure  5    (cont) 
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burden  effectively.  Considerable  stripping  and  stockpiling  will  be 
required.   The  best  reclamation  plan  would  provide  adequate  prepared 
slopes  to  use  the  upper  6  to  10  inches  of  overburden  without  stock- 
piling.  Good  quality  overburden  below  the  upper  solum  can  be  stock- 
piled, often  with  minimal  adverse  effect.  Maximum  use  of  the  available 
quality  overburden  in  these  quarter  sections  and  similar  areas  can 
yield  about  35  inches  of  free  working  nonsaline  and  nonsodic  material 
for  surface  use. 

The  sharply  rolling  terrain  would  be  best  reclaimed  for  range  and 
wildlife.   After  the  spoils  are  smoothed  and  resurfaced  with  good 
overburden,  this  area  should  respond  and  be  much  more  productive  than 
the  present  range.   Average  management  after  the  area  is  returned  to 
private  use  should  be  adequate  to  maintain  a  high  level  of  production. 
Similar  areas  in  public  domain  could  have  a  high  recreation  potential 
based  on  hiking,  picnicking,  and  upland  bird  hunting.   Planting  and 
transplanting  browse  plants  can  produce  good  deer  habitat  here. 

A  generalized  reconstructed  profile  is  shown  on  figure  5. 

The  Threemile  Creek  Valley  including  the  valley  alluvium  and  adjacent 
alluvial  footslopes,  fans,  and  terraces  has  good  potential  for 
irrigation  development.   Reclamation  by  Method  3  would  retain  this 
potential.   In  this  section  the  massive  amount  of  coal  to  be  removed 
creates  a  significant  problem  in  the  alluvial  valley  area.   Removal 
of  the  coal  will  leave  the  valley  about  30  feet  below  the  unmined 
valley  to  the  west.   Maximizing  the  use  of  good  quality  soil  would 
produce  a  144-acre  field  with  an  average  soil  depth  between  7  and 
8  feet.   The  depressed  relief  would  reduce  the  potential  of  this 
tract.   One  method  of  salvaging  the  agriculture  potential  of  these 
valley  lands  is  to  relocate  them.   Another  plan  would  provide  an  out- 
let drain  for  surface  water.   An  outlet  drain  of  this  depth  could 
adversely  affect  the  unmined  land  to  the  west.   The  following  plan 
for  this  section  maximizes  the  use  of  quality  overburden. 

Mining  operations  should  be  planned  to  progress  from  the  north  section 
line  southward.   Field  No.  1  would  contain  200  acres  and  extend  about 
1,100  feet  south.   All  of  the  usable  overburden  in  the  north  two-thirds 
of  the  section  should  be  stripped  and  stockpiled  as  mining  operations 
progresses  southward.   Where  possible,  the  mining  plan  should  provide 
for  placement  of  the  upper  10  to  16  inches  of  good  quality  overburden 
on  preshaped  spoils  without  stockpiling.   The  average  depth  of  good 
quality  overburden  in  this  field  would  be  about  50  inches.   Native 
plant  species  would  be  used  for  revegetation;  but  depending  on  the 
post  mining  surface  relief,  the  area  could  have  good  potential  for 
dry  farming. 

Field  No.  2  would  extend  1,970  feet  south  of  Field  No.  1  and  would 
contain  144  acres.   The  quality  overburden  from  this  field  would  have 
been  stripped  and  used  in  Field  No.  1.  After  mining  and  removal  of 
the  60+  feet  of  coal  the  raw  spoils  should  be  shaped  to  a  uniform 
2  percent  slope  and  the  high  quality  overburden  relocated  here  as 
the  valley  of  Threemile  Creek  is  mined.   The  reconstructed  profile 
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would  have  about  8  feet  of  high  quality  overburden,  consisting  of 
alluvial  soil  material  and  minor  amounts  of  geologic  material.   The 
reconstructed  profile  will  have  good  potential  for  producing  irrigated 
or  dry  farmed  crops.   Production  of  dry  farmed  or  irrigated  crops  in 
this  area  would  develop  habitat  suitable  for  upland  birds  including 
pheasants,  also  antelope  and  deer.   Escape  cover  would  be  available 
in  the  surrounding  range  land. 

After  mining  and  relocation  of  the  valley  soils  Threemile  Creek  Valley 
and  adjacent  slopes  in  Section  2,  T.  4  S.,  R.  45  E.  would  be  below  the 
original  elevation.   This  depressed  area  would  amount  to  96  acres.   To 
prevent  water  movement  from  the  mined  area  into  the  unmined  alluvium, 
the  walls  could  be  sealed  off  with  impermeable  shale  forming  a  deep 
pond.   This  pond  could  be  a  valuable  asset  by  providing  stock  water  for 
the  surrounding  range  and  recreation  as  a  picnic  and  fishing  area. 
Surface  runoff  may  be  supplemented  by  floodflows  from  Otter  Creek  to 
provide  water  to  irrigate  the  relocated  field  No.  2  if  this  becomes  a 
desirable  option  in  the  future.   Facilities  to  provide  the  supple- 
mental water  from  the  creek  would  include  a  pumping  plant  with  50-foot 
lift  into  a  3.4  mile  contour  ditch. 

A  generalized  profile  is  shown  on  figure  5. 

The  soil  conditions  depicted  are  typical  except  for  the  depth.   Field  1 
will  have  about  50  inches  of  soil  material. 

Figure  5  shows  the  generalized  reconstructed  profiles  represent- 
ing the  projected  post  mining  conditions  that  are  attainable  in  each 
1/4  section  investigated.   Values  and  ranges  used  in  developing  the 
average  condition  are  also  shown  where  applicable.   Three  of  these 
profiles  are  relatively  typical  of  the  anticipated  post  mining  con- 
ditions resulting  from  the  three  alternate  methods  described  and  are 
mentioned  in  the  narrative.   The  Montana  Surface-Mining  Law  requires 
characterizing  the  reconstructed  profile.   The  profiles  described  in 
figure  5  meet  State  requirements. 

The  reconstructed  profile  should  be  shaped  and  prepared  for  seeding 
using  any  method  that  will  reduce  surface  runoff  and  increase  infil- 
tration of  precipitation.   The  quality  of  soil  and  slope  gradient 
should  be  major  determinants  of  seed  bed  preparation,  fertilization, 
and  plant  mixtures  to  be  used  in  reclamation  plans. 

Native  grass  mixtures  should  most  likely  include  green  needle  grass 
(Stipa  viridula) ,  western  wheet  grass  (Agropyron  smithii) ,  side  oats 
gramma  (Bouteloua  curtipendula) ,  little  bluestem  (Andropogon  scoparius), 
prairie  junegrass  (Koleria  cristata) ,  blue  grama  (Boutelous  gracillis) 
and  needle-and-thread  (stipa  comata) .   The  proportion  of  each  grass 
should  depend  on  the  soil  quality,  slope  gradient,  exposure  and  surface 
drainage.   Soil  quality  factors  influencing  the  plant  mixture  include 
texture,  infiltration,  moisture  retention,  internal  drainage,  and 
salinity  and  sodicity. 

Shrubs  would  include  four-winged  saltbush,  silver  sage,  (Artmesia 
cana)  and  big  sage  (Artmesia  tridenta) .   Sedges  may  be  of  value  in 
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some  saline  seeding  conditions.   Cottonwood  willows,  and  woody  shrubs 
can  also  contribute  to  the  stability  of  the  surface  material.   These 
diciduous  trees  and  shrubs  develop  quickly  but  may  require  limited 
watering  until  a  balance  between  the  top  and  roots  is  achieved.   Plastic 
covered  depressions  around  the  base  of  the  newly  planted  trees  can 
prevent  weed  growth  and  concentrate  the  precipitation  near  the  tree 
roots.   This  method  may  provide  adequate  moisture  for  transplanted 
trees  in  this  area. 

Planting  on  the  contour  has  merit  but  the  rows  should  not  be  deep 
enough  to  accumulate  precipitation  in  quantities  that  would  accelerate 
erosion  if  the  water  overtops  the  rows.   Random  basins  gouged  out  with 
special  equipment  appears  to  be  well  suited  for  moderate  to  steep 
slopes  and  moderate  to  slowly  permeable  soils. 

In  Montana,  surface-mined  land  will  be  reclaimed  by  revegetating  with 
native  vegetation.   During  the  reclamation  period,  estimated  to  require 
3-7  years,  no  grazing  or  at  least  low  intensity  or  winter  grazing  should 
be  practiced.   Average  management  should  be  adequate  when  returned  to 
nonsupervised  management  and/or  private  ownership. 

Mining  operations  will  reduce  the  agricultural  potential  of  this  land 
to  near  zero  for  3  to  7  years.   During  the  mining  operations  minor 
impacts  will  be  made  on  the  air  and  water,  but  major  impacts  will  be 
made  on  the  vegetative  cover  in  local  tracts.   Wildlife  and  domestic 
livestock  will  be  displaced  temporarily.   This  may  result  in  changes 
in  the  population  density  of  wildlife  species,  possibly  an  increase  in 
sharptail  grouse  and  antelope  and  a  decrease  of  mule  deer  after  rec- 
lamation, and  the  range  can  be  improved.   Another  benefit:  can  be  the 
reduction  of  erosion  of  the  uplands  and  sediment  load  of  streams. 
Unless  big  sage  is  included  in  the  revegetation  plan,  the  present  small 
population  of  sage  grouse  will  be  permanently  displaced.   Their  use 
area  is  largely  in  adjacent  sections. 

Within  the  limits  of  Montana  law  the  alternate  methods  of  reclamation 
must  evolve  around  the  amount  and  location  of  quality  overburden  suit- 
able for  use  at  or  near  the  surface  of  reshaped  lands.   The  three 
methods  presented  earlier  reflect  these  constraints.   It  is  quite 
likely  some  of  this  area  could  be  reclaimed  for  agriculture  purposes 
other  than  range. 

Alternate  Method  3  which  attempts  to  preserve  present  agricultural 
development  potential  of  sizeable  tracts  and  some  enhancement  of 
rehabilitated  areas  by  combining  small  tracts  of  high  quality  soil 
should  be  considered  in  most  mining  plans. 
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Description  of  Typical   Profiles 

1.     9001  series  (Kaveraon  series). 

The  9001   series  consists  of  well-drained  nedlun -texture  tolls  that 
are  store  than  60   Inches   deep.     These  soils   formed   In  loamy  aUuvlim  under 
short  and  aid  grasses.     Slopes  are  0  to  4  percent,  and  elevation  ranges  from 
2,700  to  3.S00   feet.     The  average  annual  precipitation   is  H   Inches,   the 
average  annual  boU   temperature   Is  47  to  49°   F. ,   and  the   frost -free  season 
Is  108  to  120  days.     These  soils  arc  associated  with  9003,   9010,  and  9004 

Typlcoily  the  surface  layer  Is  light  brownish-gray  stlt  loam  about 
6  Inches  thick.  The  subsoil  and  substratum  are  calcareous  grayish-brown  and 
light  brownish-gray  stratified  silt  loam,    fine  sandy  loan,   and  sllty  day 

The  9001  soils  are  used  mainly  for  irrigated  and  dry-fanned  hay 

and  small  grains. 

entative  Profile: 

r  of  See.  2, 


Class  i  filiation: 

Slope:     2$    Class:     Gently  sloping 

Control  section  Units  -  Upper 

Site    Number:  2 

Month  sampled:  October 

Permeabil  ity:  Moderate 

Drainage  Class:  Hell  drained 

Physiography:  Alluvial 


Torrifluverrts,    fine-loany,   nixed   (Calci 

Ind:     Plane      Aspect: 

Lower:  100  i 


West 


:  Material: 


ColluvlAl   I 
All  uv  tin 
Interbedded  i 

and  shale 


Stonlness:  Class  C 

Election:  3,080   feet 

Vegetation:  Grasses  and   Forbs 

Precipitation:  35.6  cat 

Hlcrorellef:  Frost  Polygons 


0-5  en   (0-2   Inches)   —  Pale  brown  (10YR6/3)  crushed  dry  peda; 
brown  (10YR4/3)  crushed  moist  peds;   silt  loan;   crumb  structure; 
•oft,  very  friable,  slightly  sticky,  slightly  plastic,  nony  fine 
roots;  nany  very  fine  and  fine  continuous  tubular  pores;  pH  7-3 
(water  1:1);  mildly  effervescent  (HC1);  clear  wavy  boundary. 
5-21  cm  (2-8  Inches)  —  Pale  brown  (10YR6/3)  crushed  dry 
brown  (10yR4/3)  crushed  moist  pad*^  silt  loan;  very  weak  fine 
and  medium  subangular  blocky  structure  separating  to  medium 
granular  structure;  slightly  hard,  very  friable,  slightly  sticky, 
slightly  plastic;  many  very  fine  and  fine  roots  throughout 
horizon;   many  very  fine  and  fine  tabular  discontinuous  pores; 
pH  7.5   (water  1:1);  moderately  effervescent  (HC1);  clear  wavy 
boundary. 

21-84  cm  (8-33  inches)  —  Pale  brown  (10YR6/3)  crushed  dry  pens; 
brown  (10YR4/3)  crushed  moist  pads;  light  loan;  slightly  hard, 
very  friable,  nonaticky,  slightly  plsstlc;  cowoon  very  fine  and 
fine  roots  throughout  horizon;  common  to  many  very  fine  and 
fine  tubular  discontinuous  pores;  pH7.6   (water  1:1);  noderately 
effervescent  (HC1);  clear  wavy  boundary. 

84-124  cm  (33-49   inches)   —  Pale  brown   (10YR6/3)  crushed  dry 
peds;  yellowish  brown  (10iR5/4)  crushed  moist  peds;  stratified 
silt  loan  and  loan;  few  strat i  fie ot Ions  which  are  sandy  loan 
and  of  3  cm  average  thickness;  slightly  hard,  very  friable, 
Slightly  sticky,  slightly  plastic;  few  very  fine  and  fine  roots 
throughout  horizon;  nany  very  fine  and  fine  tubular  discontinuous 
pores;  pH  7.S  (water  1:1);     moderately  effervescent  (HC1);  clear 
wavy  boundary. 
124-152  en  (49-60  lr.chea)  —  Pale  brown  {10YF6/3)  crushed  dry 


peds;   yellowish  brown  (10YRS/4)  crushed  moist  stratified 
loam  and  stlt  loan;  stratifications  which  are  loam  sand  and  of 
3  cm  total   thickness;   slightly  hard,   very   friable,   slightly 
sticky,  slightly  plastic;  few  very  fine  roots  throughout  horizon; 
few  very  fine  and   fine  tubular  discontinuous  pores;   pH   7     (water 
1;1)  ;  moderately  effervescent  (HC1). 
Remarks:     Mapped  HC  -  Kaverson  silt  loan  0-2  percent  slopes.     Sampled 
in  banks  of  drainage  north  of  trail  (W.N.I.     J. M.S.,  W.P.V.) 
9001  silt  loan  (0-2  percent  slope)  —^ 

This  aoU  occurs  on  flood  plains  and  strean  terraces.     It  is  under- 
lain by  stratified  alluvium  at  a  depth  of  20  inches  or  nore.     It  has  the 
profile  described  as  typical  for  the  series.     Included  with  this  soil  is 


The  organic 
i  penetrate 


mopping  ore  areas  of  Clenberg  fine  sandy  loam  lees  than  5  a 

This  soU  has  slow  runoff  and  moderate  permeability, 
available  water  capacity  Is  9  to  11   Inchea  for  a  S-foot  depth. 
natter  content  is  low,  and  the  fertility  is  medium, 
deeply.      Fallowed  soil  blows  easily. 

This  soil  is  used  for  dry-farmed  or  irrigated  small  grains  and 
alfalfa  for  hay  or  seed.  Alfalfa  hoy,  wheat,  barley,  and  oats  grow  well 
on  irrigated  soil. 

2.       9002  series  (Thurlow  series) 

The  9002  series  consists  of  well-drained,  moderately  fine  textured 
soils  that  are  more  than  60  Inches  deep.     These  soils  formed  In  deep  sllty 
clay  loam  alluvium  in  stream  terraces,   fane,  and  foot  slopea  on  the  up- 
lands.    The  native  vegetation  is  mid  and  short  grasses.     Slopes  are  0  to 
IS  percent,  and  elevation  ranges  from  3,000  to  4,000  feet.     The  average 
annual  precipitation  is  14  Inches,  the  average  annual  soil  temperature  is 
47  to  49     F.,  and  the  frost-free  season  is  108  to  120  days.     These  soils 
are  associated  with  9003,  9004,  and  90010  soils. 

Typically  the  surface  layer  is  grayish-brown  silty  cloy  loan 
about  6  inches  thick.     The  subsoil  Is  dark  gra y Is h -brown ,  light  olive-brown, 
and  pale-brown  silty  clay  loan  about  18  inches  thick.     The  substratum  is 
pale-brown  calcareous  sllty  clay  loom  and  pale-yellow  calcareous  sllty  clay. 

9002  soils  are  used  mainly  for  dry-farmed  and  Irrigated  small 
grains  and  alfalfa.     A  small  acreage  Is  used  for  pasture. 


t  of  the  NE  < 


lepresentative  Profile: 
Location:     2200  feet  south  and  800  feet  » 

Sec.   34,  T.   3  5.,   R.   4S  E. 
Classification:     Ustollic  Haplargids;    fine,  nontmorillonltic,  raeslc 
Slope: ^  6X      Class:  Moderately  sloping    Kind:   Plane      Aspect:   Northwest 
limits   -  Upper:      8   en.  Lower:  33  en. 

County:  Powder  River 

October  Stonlness:  Class  0 

Moderately  slow  Elevation:  3180  Feet 

Moderately  well  drained  Vegetation:         Grasses  and  Forbs 
Alluvial  or  and  ahrubs 

Precipitation:    3S.6  cm. 


Site  Number: 
Honth  sampled: 
Permeability: 
Drainage  Class: 
Physiography: 

Parent  Material: 


Residual  material, 
colluvlun  or  solifluctate 

0-8  en.   (0-3  inches)  —  Pale  brown  (10YR6/3)  crushed  dry  peds; 
brown  (10YR4/3)  crushed  moist  peds;  light  clay;  weak  fine  and 
medium  subangular  blocky  structure  separating  to  granular  s 
soft,  very  friable,  sticky,  plastic;  many  very  fine  and  fine 
roots  ':hxoughout  horizon;  many  fine  tubular  continuous  pores; 
pH  7.3  (water  1:1);   noncalcareous   (HCL);  clear  smooth  boundary. 


B2       8-33  cm.   (3-13  inches)  —  Light  yellowish  brown  (10YR6/4)  crushed 
dry  peds;   brown  (10YF4/3)  crushed  moist  peds;   clay;   weak  coarse 
prismatic  structure  separating  to  weak   to  moderate  mediun  and 
coarse  subangular  blocky  structure;  hard,   firm,  sticky,  plastic; 
many  very  fine  and  fine  roots  throughout  horizon;  many  very  fine 
and  fine  tubular  continuous  pores;  pH  7.2  (water  1:1);  mildly, 
effervescent  (HC1);  clear  wavy  boundary. 
BXa  33-46  cm.   (13-18  Inches)  —  Light  yellowish  brown  (10YR  6/4) 
crushed  dry  peds;  dark  yellowish  brown  (10YR4/4)  crushed  moist 
peda;  light  clay,  weak  coarse  prismatic  structure  separating 
to  weak  to  moderate  mediun  and  coarse  subangular  blocky  structure; 
hard,  firm,  sticky,  plastic;  many  very  fine  and  fine  roots  through- 
out horizon:   many  very  fine  and   fine  tubular  continuous  pores; 
pH  7.4  (water  1:1);  moderately  effervescent  (HCL);   clear  wavy 
boundary. 
CICa  46-64  cm.   (18-25  Inches)  —  Light  gray  (2.5Y7/2)  crushed  dry  peds; 
light  yellowish  brown  (2.5Y6/4)  crushed  moist  pods;  heavy  silty 
clay  loam;  massive  structure;  hard,    firm,  sticky,  plastic; 
common  very  fine  and  fine  roots  throughout  horizon;  common  fine 
tubular  continuous  pores;  pH   7.2   (water  1:1):   violently 
effervescent  (HC1);  clear  smooth  boundary. 

C2Ca  64-101  en.   (25-40  inches)  —  Pale  yellow  (2.SY7/4)  crushed  dry 
peds;  light  yellowish  brown  (2.SY6/4)  crushed  moist  peds;  sllty 
clay  loam;  massive  structure;  soft,  very  friable,  slightly  sticky, 
slightly  plastic;  few  very  fine  roots  throughout  horizon;  few 
very  fine  tubular  pores;   pH    8.0   (water  1:1);   moderately  effer- 
scent   (HC1);   clear  smooth  boundary. 
C3       101-132  en.   (40-52  inches)     —  Light  gray  (2.SY7/2)  crushed  dry 
peds;  light  brownish  gray  (2.5Y6/2)  crushed  moist  peds;  heavy 
Bllt  loom;  massive  structure;  slightly  hard,   friable,  slightly 
sticky,  slightly  plastic;  very  fine  roots  throughout  horizon; 
few  very  fine  tubular  pores;    few  soft  medium  gypsum  crystals; 
pH  7,9  (water  1:1);  mildly  effervescent  (HCL);  clear  smooth 
boundary. 
C4Cs  132-152  en.    (52-60  inches)   -  Light  gray  (2.SY7/2)  crushed  dry 
peds;  light  brownish  gray  (2.5Y6/2)  crushed  moist  oeds;  clay; 
massive  structure;   hard,    firm,   sticky,   plastic;   very  fine  roots 
throughout  horizon;  few  very  fine  tubular  pores;  comnon  soft 
meditn  gypsum  crystals;  PH7.9  (water  1:1);   nancalcareoua  (HCL). 
Remark*:     Happed  in  MC.  -  Hldway-£lso.     Happing  unit,  J. M.S.,  W.H.L., 
W.P.V. 
9002  series  (0-3  percent  slope)  -r£j} 


This  soil  is  on  terraces,   fans,  and  foot  elopes.     It  has  a  profile 
described  as  typical   for  the  serlea.      Associated  series   Include  9003  and 
9008.     It  occurs  here  as  foot  slopes  and  fans  here. 

Runoff  Is  slow  and  permeability  is  moderately  slow.     The  available 
water  capacity  Is  9  to  11  inches  for  a  S-foot  depth.     Organic  matter  content 
is  medium,  and  fertility  is  high.     The  hazard  of  erosion  Is  slight.     Snail 
acreages  of  this  soil  are  used'for  range. 
9002  series  (3-o  percent  slopes)     ^21 


This  soil  occurs  on  foot  slopes  and  fans  in  the  inlands.  It  is 
underlain  by  clayey  shale  beds  at  a  depth  of  nore  than  S  feet.  Thie  soil 
Is  similar  to  -^  except  for  the  stronger  slopes  and  the  Increased  runoff 
and  erosion  hazard.  This  soil  is  associated  with  9003  and  9006  series. 
This  soil  is  used  for  range.  It  is  also  used  for  dry  farming  and  produces 
small  grains  and  alfalfa. 
9002  series   (6-12  percent  slopes)     |-|';'.- 

This  soil  occurs  on  foot  slopes  snd  fans  in  the  uplands.     It  la 
underlain  by  clayey  or  sllty  shale  beds  generally  at  s  depth  of  more  than 
5  feet.     Runoff  and  erosion  hazard  is  moderate  to  severe.     This  soil  Is  used 
for  range.     It  Is  also  used  for  dry-famed  small  grains  and  alfalfa  grown 
for  hay  and  seed.      It   is  most  often  used   for  range  when  associated  with  9003 
soils  as  It  is  here. 

3.       9003  series  (Midway  series) 

The  9003  series  consists  of  well -drained,   moderately  fine  textured 
soils  that  are  underlain  by  shale,  generally  at  a  depth  of  less  than  20 
Inches.     These  soils  are  on  uplands  under  a  cover  of  abort  grasses.     Slopes 
are  2  to  75  percent,  and  elevation  ranges  from  3,000  to  4,000  feet.     The 
average  annual  precipitation  la  14  Inches,  and  the  average  annual  aoil 
temperature  la  47  to  49°  f.,  and  the  froat-free  season  1*  108  to  120  days. 
These  soils  are  associated  with  9002,   9004,   9006,  snd  90005  soils. 

Typically  the  surface  layer  is  light  yellowish -brown  clay  loan 
and  clay  7  inches  thick.     The  substratum  la  light  brownish-gray  interbedded 
sllty,  clayey,  and  sandy  material  underlain  by  aoftly  consolidated  pale- 
olive  clayey  shale  at  a  depth  of  7  to  20  Inches.     Salt  and  gypsun  crystals 
are  interbedded  between  the  shale  layers  below  a  depth  of  10  Inches. 

Representative  Profile: 
Location:     1,700  feet  north  and  2,400  feet  east  of  the  SW  comer  of 

Sec.  34,  T.  3  S.,   R.  45  E. 
Classification:     Ustic  torrlorthents ,  clayey,  nontnorlllonltlc  (Calcareous) 

meeic,   shallow 
Slope:     19%      Class:  Steep     Kind:  Convex        Aspect:   Southwest 
Control   Section  Llnlts   -  Upper:      2S  cm       Lower:  100  en 

Site  Number:  1  County:  Powder  River 

Month  sampled:         October  Stonlness:  Class    0 

Permeability:  Slow  Elevation:  3240  Feet 

Drainage  Class:       Well  Drained  Vegetation:         Grasses  and  forba 

Physiography:  Rolling  or  hilly  Precipitation:  35.6  cm. 

Uplands 
Parent  Material:     Residual  material,  local  colluvlum  or  solifluctate 
Interbedded  shale  and  siltstone. 

Al       0-8  cm.   (0-3  inches)  —  Light  brownish  gray  (2.SY6/2)  crushed; 

dark  grayish  brown  (2.SY4/2)  crushed;   clay  loan;   weak  to  moderate 

fine  and  medium  granular  structure;  soft,   friable,  sticky,  plastic; 

many  very  fine  and  fine  roots  throughout  horizon;   few  to  common 

very  fine  end  fine  tubular  continuous  pores;  pH  7.3  (water  1:1); 

moderately  effervescent  (HC1);  clear  wavy  boundary. 
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AC       8-16  cm.   (3-6  inches)  —  Light  brownish-gray  (3. SYS/2)  crushed 
dry  peds;  grayish  brow  (2.SY5/2)  crushed  moist  peds;  sllty  clay 
loam;  weak  fine  and  medium  subangular  blocky  structure  separating 
to  weak  to  moderate   fine  and  medium  granular  structure;   allghtly 
throughout  horizon;   common  very  fine  and   fine  tubular  continuous 
pores;  pH  7.6  (water  1:1);  mildly  effervescent  (HCL);  clear 
smooth  boundary. 
CICa  16-30  cm.   (6-12  Inches)  —  Light  gray  (SY7/2)  crushed  dry  peds; 
olive  gray  (5Y5/2)  crushed  moist  peds;  silty  clay  loan;  weak  fine 
and  medium  platy  structure;  slightly  hard,   friable,  sticky,  plastic; 
few  very  fine  and   fine  roots  throughout   horizon;    few  very  fine  and 
fine  tubular  pores;   few  soft  fine  gypsum  crystals;  pH  8.B  (Thymol 
Blue);  moderately  effervescent  (HC1);  dear  smooth  boundary. 
C2       30-50  cm.    (12-19  inches)  —  Light  gray  (SY7/2)  crushed  dry  peda; 
olive  gray  (SYS/2)  crushed  moist  peda;   eilty  clay;   weak  medium 
platy  structure;  slightly  hard,   friable,  very  atlcky,  plastic; 
few  very  fine  roots  throughout  horizon;   few  very  fine  tubular 
pores;   few  soft  fine  gypsun  crystals;  pH  7.6  (water  1:1);  mildly 
effervescent  (HC1);  abrupt  smooth  boundary. 
C3       50-100  cm.   (19-39  inches)—  Light  gray  (SY7/2)  crushed  dry  peds; 
olive  gray  (SY5/2)  crushed  moist  peds;  weakly  consolidated  inter- 
bedded  shale  and  siltstone;  very  coarse  platy  structure;  pH7.6 
(water  1:1);  mildly  effervescent  (HCL);  clear  smooth  boundary. 
C4      100-153  cm.  (39-60  Inches)  —  Yellow  (10Y8/6)  crushed  dry  peds; 
yellowish  brown  (10YRS/6)  crushed  moist  peds;  weakly  consolidated 
interbedded  shale  and  siltBtone;   very  coarse  platy  structure; 
pH  7.3  (water  1:1);  moderately  effervescent  (HCL). 
Remarks:     Mapped  mg.  Hidway-tlso  Happing  Unit  J.H.S.,  W.P.v. 
9003  aeries  (2-7  percent  slopes)  gjj; 

Thla  soil  occurs  on  divides  and  ridges  and  along  the  lower  foot 
slopes  bordering  natural  drains.  The  surface  soil  is  slowly  pemeable  and 
at  depths  of  more  than  2  feet  roots  penetrate  only  through  cleavege  planes 
and  fractures  in  the  shale.  The  subsoil  consists  of  highly  weathered  Bhale 
and  is  underlain  by  shale  at  about  20  Inches.  The  subsoil  Is  often  saline 
and/or  aodlc. 

The  erosion  hazard  la  slight  to  moderate  and  the  runoff  and 
sediment   hazard   is  not  excessive.      This  soil   is  used  for  range. 


This  aoD  occupies  the  intermediate  slopes  below  the  ledge  forming 
sandstone  bluffs  and  the  intermittent  natural  drains.     Two  textural  phases, 
medium  loams  and  moderately  fine  loamy  and  three  eroslonal  phases  were  mapped 
separately. 

The  eroslonal  phases  include  slight,  moderate,  and  severe.     These 
soils  range  from  the  typical  series  profile  and  include  clayey  raw  soils 
forming  from  clay  shale  and  medium  loamy  soils  forming  from  siltstone. 
Small  inclusions  of  rockland  03S  and  04  also  occur  in  small  tracts. 
9003  aeries  (12-20  percent  slopes)     j^    ^ 

This  mapping  unit  occupies   the  upper  foot  slopes   that  are  divided 
by  tabular  divides  and  weak  ridges  in  the  uplands.     A  dominant  feature  la 


the  expoaed  clayey  and  sllty  shale  and  sandstone  that  occurs  on  ridgee, 
knobs,  snd  short  steep  slopes  along  natural  drainages. 

These  soils  are  moderately  erosive  and  contribute  sizable  amount 
of  water  and  sediment  to  the  natural   drainage  system  tributary  to  the 
Yellowstone  River.     Two  eroslonal  phases  were  mapped  ^j  and  jttjj 

These  soils  are  moderately  to  slowly  permeable  and  are  too 
shallow  and  too  steep  for  cultivation.     The  valley  sides  are  often  cut  by 
steep  sided  natural  drains  and  gullies  that  .loin  to  form  larger  drainage 
ways.      Native  vegetation   Includes  mid  and  short  grasses,    forbes,   snd  salt 
tolerant  sedges. 
9O03   series   (20-3S  percent  slopes)  g^j    gjrj 

This  soil   Is    immediately  below  cap  rock  ledges   in  locations 
similar  to  =755      The  slope  gradient  is  lower  and  shale  exposures  are  less 
dominant.      Ponderosa  Pine  occur  In  moderate  to  Rood  stands  and  loose   flag 
rock   ranging   from  2-12   Inch  In  slse  are  common.     The  soil  profile   is 
quite  typical  of  the  series. 
9003  series  (3S-7S  percent  slope)      ^jjj 

This  soil  lies  in  patches  around  shale  outcrops.     Thick  massive 
ledge  forming  hard  sandstone  cap  rock  Is  common.     The  upper  slope  just 
below  the  escarpment  is  often  strewn  with  scattered  large  massive  rocks 
of  sandstone  and  many  shards  of  thin  bedded  sandstone  that  breaks  off  In 
slabs.     Another  dominant  feature  is  the  large  amount  of  sllty,  clayey,  and 
sandy  shale  and  sandstone  outcrops  on  the  very  steep  south-facing  slopes. 
Occasional  lignite  seams  can  be  seen  in  the  shale  exposures. 

These  soils  are  low  in  organic  matter  content  snd  fertility.     Run- 
off la  rapid  and  water  erosion  hazard  is  severe  where  shale  outcrops,  and 
these  areas  contribute  large  amounts  of  runoff  water  and  sediment  to  the 
intermittent  natural  drains  and  streams  that  drain  into  the  Yellowstone 


The  native  vegetation   Includes  mid  and  short  grasses,   big  sage, 
shrubs,  and  Ponderosa  Pine.     These  er  'Is  are  used  for  range. 
9003S  series  (3-12  percent  slopes)  ~|    [|i 

This  soU  comprises  rockland  tracts  at  lower  elevation  than  the 
tabular  divides  of  the  uplands.     The  vegetative  cover  Is  typically 
ponderosa  pine  and  mixed  grasses.      Massive  blocks  of  indurated  sandstone 
occur  at  random  and  along  the  edge  of  most  areas.     The  soils  on  the 
intervening  slopes  sre  shallow  to  shale  but  have  a  well  developed  population 
of  mid  and  short  grasses,  locally  small  shale  outcrops  are  common.     These 
soils  are  used  for  range. 

4.       9004  series  (NcRae  series) 

The  9004  series  consists  of  well -drained  silt  loam  soils  that  are 
more  than  S  feet  deep.     These  soils  formed  in  deep  alluvial  materials  on  fans, 
terraces,   stream  terraces,   and   foot  slopes.      The  native  vegetation  Is  old 
and  short  grasses.     Slopes  are  0  to  12  percent,  and  elevation  ranges  from 
3,000  to  3,500  feet.     The  average  annual  precipitation  is  14  Inches,  the 
average  annual  soil  temperature  is  47  to  49°  F.,  and  the  frost-free  season 
is  108  to  120  days.     These  soils  are  associated  with  90010.  9007,  and  9003 


Typically  the  surface  layer  la  grayish-brown  silt  loam  about  9 

Inches  thick.     The  subsoil  and  substratum  are  pale-brown  calcareous  silt 

loam  that  extends  to  a  depth  of  more  than  60  inches. 

The  9004  soils  are  used  for  small  grains  and  alfalfa  grown  for 

hay  or  seed.     A  large  acreage  Is  range. 

s  Profile: 

,000  feet  east  and  300  feet  south  of  HW  comer  of 
lee.   2,  T.   4  S.,   R.   45  E. 

On:      Ustollic  camborthlds,   fine-loamy,   mixed,   mesit 
Class:  Kind:     Convex        Aspect: 


\  series  loam  (0-3  percent  slopes)     jrjjf 

This  soil   la  on  undulating  inland  dlv: 


Class  if  icat; 
Slope:     12% 
Control  Sectioi 
Site  Number: 
Honth  Sampled: 
Permeability: 
Drainage  Class: 
Physiography: 


-Upp« 


25  e 


Pan 


:  Material: 


y;  Powder  River 

October  Stonlness:  Class  0 

Moderate  Elevation;  3,280  Feet 

Well -drained  Vegetation:  Grasses,  forba, 

Rolling  or  hilly  and  shrubs 
Uplands                                   Precipitation:   35.6  cm. 
Unconsolidated  mineral  sediments 
Interbedded  sandstone  and  shale 

Al       0-8  cm.   (0-3   inches)   —  Dark  yellowish  brown  (10YR4/4)  crushed 

dry  peds;  dark  brown  (10YR3/3)  crushed  moist  peds;  loam;  weak 

fine  aubangular  blocky  structure  separating  to  granular  structure; 

soft,  very  friable,  slightly  sticky,  slightly  plastic;  many  very 

fine  and  fine  roots  throughout  horizon;  many  very  fine  tubular 

discontinuous  pores;  pH  7,3  (water  1:1);  noncalcarious  (HCL); 

clear  smooth  boundary. 

BJ       8-15  cm.   (3-6  Inches)  —  Yellowish  brown  (10YRS/4)  crushed  dry 

peds;  brown  (10YR4/3)     crushed  moist  peda;  loam;  moderate  medium 

prismatic  structure  separating  to  moderate  medium  aubangular. 

blocky  structure  separating  to  granular  structure;  slightly  hard, 

friable,  slightly  sticky,  allghtly  plastic;  common  to  many  very 

fine  and  fine  roots  throughout  horizon;  many  very  fine  tubular 

discontinuous  poree;  pH  7.2   (water  1:1);  mildly  effervescent 

(HC1);  clear  wavy  boundary. 

B3Ca  15-50  cm.  (6-20  Inches)  —  Ught  yellowish  brown  (2.5Y6/4) 

crushed  dry  peds;  light  olive  brown  (2. SYS/4)  crushed  moist 

peds;   silt  loam;   moderate  medium  prismatic  Structure  separating 

to  moderate  medium  subangular  blocky  structure  separating  to 

granular  structure;  slightly  hard,   friable,   slightly  sticky, 

slightly  plastic;   few  to  common  very  fine  roots  throughout 

horlion;   many  very   fine  tubular  discontinuous  pores;   20  percent 

soft  fine  masses  of  lime;  pH  7.6  (water  1:1);  moderately 

effervescent  (HC1);  clear  wavy  boundary. 

CICa  50-69  cm.   (20-27  inches)  —  Light  gray  (2.5Y7/2)  crushed  dry  peds; 

light  yellowish  brown  (2.5Y6/4)  crushed  moist  peds;  silt  loam 

massive  structure;  slightly  hard,  friable,  slightly  sticky, 

slightly  plastic;  very  fine  and  fine  roots  in  cracks;  present 

very  fine  tubular  discontinuous  pores;  40  percent  soft  medium 

masses  of  lime;   15  percent  sandstone   fragments  2-8  cm.;   pH  7.B 

(water  1:1);  violently  effervescent  (HCL),  clear  smooth 

boundary. 

C2       69-152  cm.    (27-60   Inches)   —  Pale  Yellow  (2.5Y7/4)  crushed  dry 

peda;  light  olive  brown  (2. SYS/4)  crushed  moist  peds;  light 

clay  loam;  hard,   friable,  slightly  sticky,  slightly  plastic;  very 

fine  roots  throughout  horizon;   few  very  fine  tubular  discontinuous 

pores;  pH  7.9  (water  1:1);  moderately  effervescent. 

Remarks:     Happed  CH-Cushman-Elso,  W.M.L.,  J.H.S.,  W.P.V. 


of  upland  valleys,  and  on  • 


It  formed  in  alluvium  that 
material  consist 


1  the  uplands  ( 
of  rock  from  burned-out  coal  beds  la  commor 
rocks   range  in  size   from  2  to  12   inches. 

Runoff  is  slow  and  the  risk  from  water  erosion  is  slight,  but 
If  cultivated  the  risk  of  wind  erosion  is  moderate.  The  available  water 
holding  capacity  is  about  10  to  12  inches  for  a  5-foot  profile,  and  the 
permeability  Is  moderate. 

These   soils  are  used   for  range,   dry-formed  small  grains,  and 
Irrigated  farming. 
9004  loam  (3-8  percent  slopes)     gjjr 

This  soil  occurs  in  small  areas  on  fans  and  ridges  between  the 
Intermittent  stream  valleys  in  the  uplands.     Surface  textures  range  from 
heavy  sandy  loam  to  loam.     Thia  surface  runoff  la  low  and  the  permeability 
is  moderately  high.     Erosion  hazard  from  water  Is  low.     Soil  depth  ranges 
from  6  to  over  10  feet.     If  cultivated,  wind  erosion  may  result  In  moderate 
soil  blowing. 
9004  series  (7-12  percent)alopes)     gjjj- 

This  soil  occurs  on  fans  and  foot  slopes  along  Intermittent 
natural  drains  In  the  uplands.     Surface  textures  range  from  heavy  sandy 
loams  to  loams.     Permeability  la  moderately  high  and  the  hazard  from  water 
erosion  is  low,  but  damage  may  be  caused  by  runoff  from  less  permeable  soils 
on  higher  slopes.     SoU  depth  may  be  In  excess  of  18  feet.     If  cultivated, 
wind  erosion  may  result  In  moderate  soil  blowing.     This  land  Is  used  for 
range  here,  and  for  dry  and  irrigated  farming  at  other  locations. 
5.        9005   (Lambeth)  series 

This  series  consists  of  well -drained  soils  on  tabular  divides 
and  foot  slopes  In  the  uplands.     The  soils  have  formed  over  very  weakly 
consolidated  sllty  shale  and  clayey  shale.     Slopes  are  from  0  to  IS  percent, 
and  elevation  ranges  from  3,260  to  3,120  feet.     Thla  soil  la  permeable  and 
the  risk  of  water  erosion  is  slight  except  where  located  below  steep  slopes 
of  more  slowly  permeable  soil.     Wind  erosion  hazard  risk  Is  moderate  to  high 
if  cultivated. 

The  average  annual  precipitation  is  14  and  the  frost-free  season 
is  108  to  120  days.     A  representative  profile  is  offered  for  each  major 
slope  phase  found  in  the  study  area. 


SOIL     SERIES    DESCRIPTIONS 


305-600-30 


PLATE   22 


9005  series  (0-2  percent  slope)     ^ 

Thl»  soil  has  formed  on  weekly  consolidated  silty  shale  located  on 
tabular  divides.     Typically  the  surface  soil  is  a  light  grayish  brown  silt 
loan.     The  subsoil  is  a  pale  brown  silt  low  that  grades  to  a  heavy  loan  with 
depth  and  is  underlain  by  shale  at  24  to  30  Inches.     Discontinuous  layera 
of  lenticular  hard  sandstone  are  common  on  o 
is   used  for  range. 
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:  of  SE  < 


r  of  Sec. 


3  J 


Classification:     Ustic  torriorthents ;   fina-silty,  nixed  (calcareous), 

frigid 
Slope-  2%      Class:     Hoderately  sloping    Kind:     Convex    Aspect:     West 

Control   section  Limits  -  Upper:        2S  en.   Lower:  i00/"",,. 

Site  Number  4  County:  Powder  River 

Month  Sampled:         October  Stoninesa:  Class  0 

Permeability:  Moderate  Elevation:  3,160   feet 

Drainage  Class:       Well  drained  Vegetation:  Grasses,   forts, 

Physiography:  Level  of  undulating  and  shrubs 

Uplands  Precipitation:  35.6  en. 

Parent  Material:     Highly  weathered 

Interbedded  shale  and  siltstone 


Al      0-8  en.   (0^>  inches)  -  Yellowish  brown  (10YFS/4)  crushed  dry 

pads;  brown  (10YR4/S)  crushed  moist  peda;  silt  low  "«*  ■«'li« 
subangular  blocky  structure  separating  to  fine  granular  structure; 
slightly  hard,  friable,  nonaticky,  nonplastic;  many  very  fine  and 
fine  roots  throughout  horizon;  -any  very  fine  tubular  continuous 
pores;  pH   8.0  (water  1:5),  -lldly  effervescent  (HDL);  dear 
snooth  boundary. 
AC      8-30  a  0-8  inches)  -  Brawn  ClOYR  S/3)  crushed  dry  psda;  yellowish 
brown  (10YRS/4)  crushed  nolst  peds;  silt  loan;  weak  medium  and 
coarse  subangular  blocky  structure  eeparatlng  to  granular  structure; 
aligtrtly  hard,  friable,  nonsticky,  nonplastic;  common  to  many 
very  fine  and  fine  roota  throughout  horizon;  -any  very  fine  tubular 
discontinuous  pores;  PH  8.1  (water  1:5);  moderately  effervescent 
(HC1);  gradual  wavy  boundary. 
CICe  20-24  cm.  (8-17  inches)  -  Very  pale  brown  (10YR7/4)  crushed  dry 
Pede;  yellowish  brown  (10YRS/6)  crushed  «Ut  peda;  light  ailt 
1c*.;  weak  media-  and  coarae  angular  blocky  atructure  separating 
t,  granular  structure;  slightly  hard,  very  friable,  nonsticky, 
aplastic;  few  to  co-on  very  fine  and  fine  root,  throughout 
horizon;  few  to  common  very  fine  tubular  discontinuous  poraa; 
pH  8.4  (water  1:5);  violently  effervescent  (HCL);  clear  way 
boundary. 
C?       42-92  en.  (17-36  inches)  -  Very  pale  brawn  (10YR7/4)  crushed  dry 
peda;  light  yellowish  brown  (10YR6/4)  crushed  moist  peda;  silt 
loan;  moderate  medium  and  coarae  platy  structure  separating  to 
granular  structure;  soft  very  friable,  slightly  sticky,  slightly 
plastic;  very  fine  roota  between  peda;  preaent  very  fine  pores; 
pH  8.3  (water  1:5);  moderately  effervescent  (HCL);  clear  way 
boundary. 
C3       92-152  en.   (36-60  inches)  -  Very  pale  brown  (1QYR7/3)  crushed 
dry  peds;  pale  brown  (10YR6/3)  crushed  noist  peds;  fine  sandy 
loan;  slightly  hard,   friable,  nonsticky,  nonplastic;  very  fine 
roots  throughout  horizon;  pH  8.3  (water  1:5);  moderately 
effervescent  (HC1). 
Remarks:     Happed  Ec.-Qso  W.M.L.,  J.H.S.,  W.P.V. 


900S  (Lambeth)  aeries  (7-15  percent  slopes)     ^ 

This  soil  has  developed  from  coUuvial  material  deposited  over 

Interbedded  shale  and  siltstone.     Depth  to  shale  la  less  than  48  inches. 

Theae  soils  are  on  moderately  steep  slopes  and  are  unsuited  for  dry  farming. 

Resistant  outcrops  of  sandstone  occur  at  random  and  the  upper  slopes  are 

easily  eroded  by  water  if  the  sod  is  broken.     These  soila  are  used  for  range. 

Representative  Profile: 

Location:    TOO  feet  north  and  1,600  feet  weat  of  SE  corner  of  Sec.  26, 

T.  3  S.,  R.  45  E. 
Classification:     Ustic  torriorthents;  fine-sUty,  mixed  (calcareous), 

frigid 

Slope:     12*      Class:  Hoderately  steep  Kind:   Convex      Aspect:  Northeast 

Control  Section  Limits  -  Upper:     25  cm  Lower:  100  cm. 

Site  Number              S  County:  Powder  River 

Month  Sampled:          October  Stoniness:  Class  0 

Permeability:           Moderate  Elevation;  3,160  feet 

Drainage  Clase:       Hoderately  well  Vegetation:  Grasses,  forba, 

drained  and  shrubs 

Physiography:            Alluvial  or  coUuvial  Precipitation:  SS.6  cm. 

Parent  Haterlal       Unconsolidated  mineral  sediments 
Interbedded  shale  a 


Al       0-8  era.    (0-3  inches)  —  Pale  brown  (10YR6/3)  crushed  dry  peda; 
brown  (10YR4/3)  crushed  moist  peds;  loam;  medium  platy  atructure 
separating  to  granular  structure;   slightly  hard,   very  friable, 
slightly  sticky,   slightly  plastic;  many  very  fine  and  fine  roots 
throughout  horizon;  many  very  fine  tubular  discontinuous  pores; 
pH  8.0  (water  1:5);  noncalcareous  (HCL). 

CICa  8-25  cm.   (3-10  inches)   —  Pale  brown  (10YB6/3)  crushed  dry  peda; 
yellowish  brown  (10YR5/4)  crushed  moist  peds;  ailt  loam;  weak  to 
moderate  medium  subangular  blocky  structure  separating  to  granular 
structure;  slightly  hard,  very  friable,  slightly  sticky,   slightly 
plastic;  common  to  many  very  fine  and  fine  roojs  throughout 
horizon;  many  very  fine  and  fine  tubular  discontinuous  pores; 
pH  8.1  (water  1:5);  violently  effervescent;    (HCL);   clear  wavy  boarder. 

C2       25-51  cm.    (10-20  inches)   —  Very  pale  brown  (10YR7/3)  crushed  dry 
peds;  yellowish  brown  (10YRS/4)  crushed  moist  peds;   silt  loam; 
moderate  to  strong  medium  and  coarse  subangular  blocky  structure 
separating  to  granular  structure;  very  friable,  slightly  sticky, 
slightly  plastic;    few  very  fine  and  fine   roots  throughout  horizon; 
few  to  common  very  fine  and  fine  tubular  discontinuous  pores;  pH  8.3 
(water  1:5);  moderately  effervescent  (HCL);  diffuse  irregular  boundary. 

C3       51-U2  cm.   (20-44  inches)  —  Very  pale  brown  (10YR7/3)  crushed  dry 
peds;  yellowish  brown  (10YR5/4)  crushed  moist  peda;   heavy  silt 
loam;  moderate  medium  and  coarae  aubangular  blocky  atructure 
separating  to  granular  atructure;  slightly  hard,    friable,  slightly 
sticky,  slightly  plastic;  very  fine  roots  throughout  horizon; 
few  very  fine  tubular  discontinuous  pores;  pH  8.6  (water  111)] 
moderately  effervescent  (HCL);  clear  wavy  boundary. 
C4      112-137  cm.   (44-54  inches)  -  White  (SY8/1)  crushed  dry  peda; 
light  gray  (SY7/2)  crushed  moist  peds;  eilty  clay  and  weakly 
consolidated  interbedded  shale  and  siltstone;  medium  and  coarae 
platy  structure;  pH    8.2  (water  1:5);  mildly  efferveacent  (HCL); 
clear  wavy  boandary. 


C5       137-1S2  cm.    (54-60   inches)   —  White  (2.SY8/2)  crushed  dry  peda; 
pale  yellow  (2.SV7/4)  crushed  moist  peds;   silty  dsy  loam  and 
weakly  consolidated  interbedded  shale  and  siltstone;  medium  and 
coarae  platy  structure;  pH  8.1   (water  1:5);  mildly  effervescent  (HCL). 
Remarks:      Happed  Hg.  W.M.L.,   J. M.S.,   W.P.V. 

6.       The  9006  series  consists  of  medium  textured,  well-drained  soils 
that  are  more  than  60  inches  deep.     Theae  soils  formed  In  loamy  local 
alluvium  In  narrow  valleys  of  intermittent  natural  drains.     Surface  runoff 
Is  slow  except  for  water  originating  on  adjacent  elopes.     The  eroslonal 
hazard  is  slight  except  for  channel  erosion  following  torrential  rains. 

The  vegetation  is  mid  and  short  grasses  interspersed  locally  with 
small  areas  of  salt  tolerant  sedge  especially  near  the  point  of  origin  and 
along  the  valley  margin.     Slopes  are  from  0-7  percent  and  elevation  ranges 
from  3,100  to  3,200  feet.     The  average  annual  precipitation  Is  10  to  IS  inches, 
and  the  average  annual  soil  temperature  is  47  to  49°  F.     The  frost-free 
season  Is  108  to  120  days. 

Typically  the  surface  and  subsoil  are  light  browniah  gray  loam 
or  clay  loam  to  36  inches.     The  substratum  ranges  from  silt  loam  to  light 

The  9006  soils  are  used  for  range  except  where  the  valleys  widen. 
In  the  wider  valleys  small   fields  of  native  hay  ore  harvested. 
Representative  Profile: 

Location  from  S\  Sec.  34,  T.  3  S.,  R.  45  E.,  800  feet  north  and 
500  feet  east. 

A2       0-2   Inches   —  Light  gray  (10Y7/2)  light  loan;   brown  (10YRS/3) 

when  moist;  thin  platy  structure  that  breaks  to  weak  fine  granular; 
soft  when  dry,   friable  when  moist;  slightly  sticky  and  slightly 
plastic  when  wet,  noncalcareous ;  many  fine  and  very  fine  roots 
throughout  horiion;  many  fine  tubular  discontinuous  pores;  pH 
(CaCl2  7.S)(l-5  8.4);  abrupt  boundary. 
DM     2-7   Inches   —  Very  pale  brown   (10YR7/3)  light  loam;   brown  (10YH5/3) 
when  moist;  hard  when  dry  and  friable  when  molat;  prismatic  structure; 
slightly  sticky,  and  slightly  plastic  when  wet;  many  fine  and 
very  fine  roots;  many  fine  to  very  fine  continuous  pores;  pH 
(CaCl2  7.5)(l-5  8.4);  noncalcareous;  wavy  boundary. 
B2       7-16  inches  —  Light  gray  (10YR7/1)  light  clay  loam;  grayish 

brown  (10YRS/2)  when  moist;  slight  lime  accumulation  on  peds  and 
in  very  small  pockets;  medium  prismatic  structure;   hard  when  dry 
and   friable  when  moist;   noderately  aticky  and  plastic  when  wet; 
many  very  fine  roots;   common  fine  continuous  pores;  pH  (CaCl     7.8) 
(1-S  B.3)  moderately  calcareous,  abrupt  boundary. 
CICa  16-36  inches  —  White  (10YR8/1)  light  silty  clay  loam;  light 

yellowish  brown  (10YR6/4)  when  moist;  angular  blocky    structure; 
hard  when  dry  and  slightly  firm  when  moist;  sticky  and  nonplastic 
when  wet;   roots  diminish  from  many  to  few  with  depth;  many  fine 
continuous  pores;  pH  (CaCl2  8.2)(1-S  8.5);   diffuse  boundary; 
moderately  to  strongly  calcareous. 
C2Ca  36-48  inches  —  White  (10YR8/1)  silt  loam,  light  yellowish  brown 
(10YR6/4)  when  moist;  angular  blocky  structure;   hard  when  dry  and 


friable  when  moist;   slightly  sticky  and  slightly  plaBtic  when 
wet;    few  very  fine  roota;  many  fine  continuous  pores;  pH 
(CaCl„  8.4)(1.S  8.6);   strongly  calcareous. 
C3Ca  48-72  inches  —  Very  pale  brown  (10YR7/3)  silt  loam;  light 

yellowish  brown  (10YR6/4)  when  moist;  weak  massive  atructure; 
soft  when  dry  and  friable  when  moist;  slightly  sticky  and  slightly 
plastic  when  wet;   few  fine  roots;  many  fine  continuous  tubular 
pores;  pH  (CaCl^  8.4)(1-S  8.6);  atrongly  calcareous. 
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1006  series  (0-6  percent  slopes)  t^-jj  and  g^g 

These  slightly  to  moderately  saline  well -drained  soils  occupy 
narrow  flood  plains  and  coalescing  alluvial  fans  in  valleys  100  to  300  feet 
wide.     The  surface  24-30  inches  are  nonsallne  permeable  medium  textured 
soils.     Typically,  the  subsoils  are  moderately  to  highly  saline  and 
moderate  to  slowly  permeable.     These  recently  deposited    soils  are  derived 
from  surrounding  siltstone  and  shale.     These  soils  are  used  for  range. 
7.       9007  series 

The  9007  consists  of  medium  textured  soils  of  the  uplands  with 
moderately  fine  textured  subsoils.     These  soils  have  formed  over  softly 
consolidated  shale  and  finely  layered  saline  alkali  sandstone.     Depth  to 
the  geologic  strata  ranges   from  18  to  more  than  36  inches.     These  soils 
formed  on  tubular  divides,   foot  slopes,  toe  slopes  of  knobs,  and  at  the  head 
of  eroded  natural  drains.     Slopes  are  0  to  8  percent,  and  elevation  ranges 
from  3170  to  3220  feet.     The  average  annual  precipitation  is  about  14  inches, 
and  the  frost-free  season  is  108  to  120  days. 

Typically,  the  surface  layer  is  a  gray  silt  loam.     The  subsoil  U 
brown  and  rests  on  clayey  or  sandy  shale.     The  9007  soils  are  used  almost 
entirely  as  range  except  where  associated  with  9005  soils. 
Representative  Profile: 

Location:     800  feet  north  and  200  feet  east  of  S^  corner  Sec.  26, 
T.  3  S.,   R.   45  E, 

A2       0-3  inches  —  Very  pale  brown  (10YR7/3)  very  fine  sandy  loam; 
dark  brown  (10YR4/3)  when  moist;  vesicular  platy  structure 
that  separates  to  crumb;  soft  when  dry  and  friable  moist;  nonsticky 
and  slightly  plastic  when  wet;  many  fine  roots;  many  fine 
discontinuous  pores;  pH  (CaCl-  6.6)(l-5  6.6);  noncalcareous;  wavy 
boundary. 
MA     3-8  inchea  —  Light  yellowish  brown  (10YR6/4)  loam;   dark  yellowish 
brown  when  moist;  strong  fine  blocky  breaking  to  medium  granular; 
hard  when  dry  and  very  firm  when  moist;  slightly  sticky  and 
slightly  plastic  when  wet;  many  medium  and  fine  roots;  many  fine 
discontinuous  pores;  pH  (CaCl,  6.6)(l-5  7.0);  noncalcareous;  clear 
wavy  boundary. 
B3t     B-16  inches  —  Brown  (10YRS/3)  light  silty  clay  loam;   dark  brown 
(10YR4/3)  when  moist;  strong  medium  columnar  structures;   very  hard 
when  dry,  and  very  firm  when  moist;   very  sticky  and  very  plastic 
when  wet;  many  medium  roots  along  cleavage  planes  and  fine  roots 
through  peda;    few  very  fine  discontinuous  pores-,  pH  (CaCl     7.0) 
(1-5  7.3);  noncalcareous;  gradual  boundary. 
CI       16-27  inches  —  Pale  brown  (10YR4/3);  medium  and  fine  blocky 

structure;  very  hard  when  dry,  and  very  firm  when  moist;   sticky 
and  plastic  when  wet;  many  to  few  fine  roots;   few  discontinuous 
fine  pores;  noncalcareous;  pH  (CaCl2  7.9)(l-5  8.2);  diffuse 
boundary. 
C2Ca  27-36  inchea  —  White  (2.Sy  8/2)  allty  clay  loam;  light  gray  when 
■e;  soft  when  dry  friable  when  moist; 


plastic  and  sticky  when  wet;     pH  (CaCl2  8.3)(1-S  8.3);  clear  wavy 
boundary. 
CSCa  26-64  inchea  —  Yellov  (2.5y  7/8)  clay  loam;  light  olive  brown  when 
moist;  horizontal  layering  (silty  shale);  sticky  and  plastic  when 
wet;  pH  (CsClj  8.2)(1-S  8,4). 
9007  series   (0-3  percent  elopes)  -~ 

This  soil  occurs  on   tabular  divides  and  is  underlain  by  silty  shale 
below  40  inches.     This  is  used  almost  entirely  for  range  and  may  have  10  to 
20  percent  alick  spots.     Many  slick  spots  are  undergoing  a  change  and  are 
beginning  to  revegetate.     The  salinity  and  sodicity  level  la 
quite  variable  and  may  occur  within  2  inches  of  the  surface. 
Generally,  outside  the  alick  spots  the  aoils  are  nonsallne  and 
nonalkaline  to  30  inches. 
WW?  Series  (3-7  percent  slopes)  jg_ 

This  soil  occupy  rounded  slopes  and  weak  ridges  near  the  upper 
limits  of  intermittent  drains.     They  are  underlain  by  saline  alkali  gray 
silty  shale  at  about  24  inches  or  sandstone  where  eroded  slick  spots  become 
dominant.     The  well^irained  slopes  have  a  profile  with  a  typical  upper 
control  section  and  slick  spots  are  not  common.      Infiltration  Is  moderate 
and  erosion  Is  slight.     On  the  well-drained  slopes  this  soil  supports  a 
good  stand  of  mixed  grasses  and  is  used  largely  for  range. 
8.       9008  series 

This  series  consists  of  well  drained  to  excessively  drained  „edlUB1 
textured  soils  that  formed  on  weakly  consolidated  sandstone  and  coarse  silt- 
stone  that  has  been  baked  by  the  burning  of  major  coal  beds.     The  native 
vegetation  consists  of  needle  and  thread,   blue  grama,  and  slender  wheat 
grass.     Cheatgrass  was  the  principal  forb  recorded.     Silver  aage  Is  cc™on 
but  not  in  continuous  stands.     These  soils  occupy  amooth  tubular  divides 
in  burned-out  coal  areas. 

Slopes  are  from  0  to  7  percent  and  elevation  is  about  3,150  to 
3,200  feet.     The  average  annual  precipitation  is  14  inches  and  the  frost- 
free  season  is  108  to  120  days.     Ringling-Cabba  soils  join  these  soils  In 
areas  with  bake  rock  substrata  and  9003  and  9002  soils  represent  the  areas 
with  unbaked  rock  substrata. 

Typically,  the  surface  layer  Is  fine  sandy  loam  about  16  Inches 
thick.     Weakly  consolidated  sandstone  is  less  than  30  inches  below  the 
surface  and  grades  into  loose  sand  below  this  depth.     The  entire  profile 
exhibits  the  reddish  brown  and  pinkish  color  associated  with  burn  areas. 
Representative  Profile: 

Location:      1,200  feet  south  and  1,050  feet  east  of  NW  corner 
Sec.   34,    T.   3   S.,   R.    4S   E. 

Al       0-2  inches  —  Light  reddish  brown  (SYP.6/3)  fine  sandy  loam, 
reddish  brown  (5YR4/3)  when  moist;   fine  crumb  structure;  soft 
when  dry  and  very  friable  when  moist;  nonsticky  and  nonplastlc 
when  wet;  many  very  fine  and  fine  roots;  many  fine  and  very  fine 
tubular  continuous  pores;  pH  (CaCl2  6.8)(1-S  8.2);  clear  wavy 
boundary. 


AC       2-16   inches  —  Light  reddish  brown  (SYR6/3)  fine  sandy  loam, 
reddish  brown  (SYR4/4)  when  moist;  weak  medium  prismatic 
separating  to  fine  and  medium  granular;  soft  when  dry  and  very 
friable  when  moist;  nonsticky  and  nonplastlc  when  wet;  many  fine 
and  very  fine  continuous  tubular  pores;  pH  (CaCl.  6.8)  (1-S  8.3); 
diffuse  boundary. 
CI       16-25  inches  —  Pink  (7.5YR7/4)  fine  sandy  loam,  pinkish  gray 

(7.5YR6/2)  when  moist;  weak  subangular  blocky  structure;  soft  when 
dry  and  friable  when  moist;  nonsticky  and  nonplaatic  when  wet;  many 
fine  and  very  fine  roots;  many  fine  and  very  fine  continuous  pores; 
pH  (CaClj  7.4)(1-S  8.1);  abrupt  boundary. 
C2       25-31  inches  -  Pink  (7.SYRB/4)  fine  sandy  loam;  pinkish  gray 

(7.SYR7/3)  when  moist;  weakly  conaolidated  sandstone  with  coarse 
(platy)  layers  that  separate  easily  to  loose  structure;  slightly 
hard  when  dry  and  friable  when  moist;   few  flne  roota;  PH(CaCl     7.9) 
(1-5  8.4);  gradual   boundary. 
C3       31-72  inches  -  light  red  (10R6/8)  sand,  light  red  (10R6/6)  when 
moist;  weakly  consolidated  eandstone  with  medium  (Platy)  layers 
that  separate  to  loose  structure;  aoft  when  dry  and  friable  when 
wet;   few  fine  roots  in  upper  part  of  horizon;  PH  (CaCl2  8.2)(l-s 
8.7) 

C4        72-102  inches  -  Light  red  (10R6/8)  sand,  light  red  (10R6/6)  when 
moist;  weakly  consolidated  sandstone  with  medium  and  fine  layers 
that  separate  easily  to  loose  structure.    The  interbedded  layers 
include  white  (10YR8/2)  and  reddish  yellow  (5YR8/2);  soft  when 
dry  and  friable  when  moist;  nonsticky  and  nonplaatic  when  wet; 
PH  (CaCl2  8.2)(l-5  8.9).     This  profile  was  core  sampled  with  a 
hydraulic  push-tube  core  machine. 
9008  series  (0-7  percent  slope)  ■M  _°1 

These  soils  occur  in  tubular  divides  and  the  low  gradient  upper 
slopes  which  are  often  adjacent  to  steep  scarps.     The  substrata  varies  from 
weakly  consolidated  sandstone  to  baked  silt  and  claystone. 

This  soil  has  slow  runoff  and  high  permeability.  The  available 
water  capacity  is  8  to  10  Inches  for  a  S  foot  depth.  The  organic  matter 
in  the  surface  is  moderate  and  plant  roots  penetrate  the  soil  readily. 

Although,  most  9008  soils  are  In  native  grasses,  they  are  well 
suited  for  irrigation  farming  or  will  produce  well  if  dry  farmed  Dry- 
famed  areas  could  be  moderately  susceptible  to  wind  erosion.  These  two 
Phases  are  suitable  for  borrow  material  to  be  used  in  reclamation  plans 

Other  9008  soil  phases  were  mapped  when  they  joined  the  area 
with  etrippable  coal.     These  miscellaneous  phases  -  0g-    M  _9! 

«.  >-*,  «■*  t,  ^  _  ,„,  _  „ot  ££  -  -  iumf 
«...  ™PPlng  mlt8 ,« iamaiy  miilM  for  bomv  ^  ^  ^  ^ 

material  is  very  shallow. 
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9.       9009  aeries 

The  9009  series  consists  of  well  drained  medium  textured  soils 
that  are  usually  wore  than  40  inches  deep  over  soft  shale.     The  native 
vegetation  is  mid  and  short  grasses.     Elevation  ranges   from  3,100  to  3,200 
feet.     The  average  annual  precipitation  is  14  inches  and  the  frost-free 
season  is  from  106  to  120  days.     These  soils  are  associated  with  9003,   9003S, 
and  9006  soils. 

Typically,  the  surface  layer  Is  light  grayish  brown  silt  loam  or 
fine  sandy  loam  about  4  inches  thick.     The  subsoil,  a  light  gray  fine  sandy 
loam  or  silt  loam,    is  saline  and/or  sodlc.     Shale  beds  are  at  a  depth  of 
36  inches  to  more  than  10  feet. 

The  9009  series  are  used  mostly  for  range. 
Repreaentat ive  Profllei 

Location  from  center  of  Sec.   2,  T.  4  S.,  R.   45  E.,   4S0  feet  north 
and  400  feet  east. 

Al       0-2   inches   —  light  gray  (2-5Y  7/3)  Loan,    light  grayish  Drown 
(2.SY6/3)  when  moist;   fine  granular  structure;  soft  when  dry, 
friable  when  moist;  slightly  sticky  and  slightly  plastic  when  wet; 
highly  calcareous  many  fine  roots  and  discontinuous  tubular  pores; 
pH(CaCl2  7.6)(1-S  8.5)  boundary  diffuse. 
AC       2-14  inches  —  light  gray  (2.5Y7/3)  loam,  light  grayish  brown 
(2.5Y7/4)  when  moist;  medium  granular  structure;  soft  when  dry, 
friable  when  moist;  slightly  sticky  and  slightly  plastic  when  wet; 
highly  calcareous;  many  fine  roots  and  discontinuous  tubular  pores; 
clear  boundary;  pH(CaCl3  7.6)(8.5). 
CICa  14-28  inches  —  pale  yellow  (2.SY8/4)  fine  sandy  loam,  pale 

yellow  (2.5Y7/4)  when  moist;    fragments!  to  weak  massive  structure 
hard  when  dry,   friable  when  moist;  many  fine  roots  and  tubular 
discontinuous  pores;  nonsticky  and  nonplastlc  when  wet;   highly 
calcareous:  abrupt  boundary;  pH(CaCl,  8.2)(l-5  9.2). 
C2Ca  28-44  inches  —  light  gray  (10YR7/2)  fine  sandy  loam,  pale  brown 
(10YR6/3)  when  moist;  weak  massive  structure;  slightly  hard  when 
dry,   friable  when  moist;  nonsticky  and  nonplaBtlc  when  wet;  highly 
calcareous;  many  to  common  fine  roots;    few  fine  continuous  pores; 
pH(CaCl2  8.3)(1-S  9.2). 
C3Ca  44-52  inches  —light  gray  (10YR7/2)  very  fine  sandy  loam,  pale 
brown  (J0YR6/3)  when  moist;  weak  massive  structure;  slightly  hard 
when  dry,    friable  when  moist;  common  to  few  fine  roots; 
9009  series  (0-3  percent  slopes)  -rr— 

These  soils  occupy  lower  foot  slope  between  intermittent  drains 
and  along  recent  alluvial  deposits.     They  have  formed  on  medium  textured 
deposits  eroded  from  local  silty  shales.     The  subsoil    is  quite  saline  and 
often  may  be  moderately  to  highly  alkaline.     The  organic  matter  content  and 
fertility  Is  low.     Plant  roots  penetrate  the  upper  profile  readily  but   few 
roots  are  found  in  the  highly  saline  lower  horizons. 


Host  of  this  soil  is  in  native  grasses.     Some  areas  are   irrigated 
but  salinity  and  deep  can  become  series  problems. 
9009  series  (3-7  percent  slope)  =_-jj 

These  soils  occupy  foot  slopes  below  moderately  to  highly  erosive 

9003  soils  with  numerous  shale  exposures.     They  are  very  similar  to  the 
jttt    soils  except  for  slope  and  erosion. 

10.       9010  series. 

The  9010  series  conslts  of  well -drained  calcareous  soils  on 
stream  terraces,    fans  and  foot  slopes  of  the  uplands.     These  moderately  fine 
loamy  textured  soils  occupy  0  to  8  percent  slopes  at  elevation  ranging  from 
3,100  to  3,140  feet.     The  average  annual  precipitation  is  14  inches;  the 
annual  soil  temperature  Is  47  to  49  degrees  F.,  and  the  frost-free  season 
is  108  to  120  days.     These  soils  are  associated  with  the  9003,   9001,  and 

9004  series. 

Typically,  the  surface  layer  is  light  gray  clay  loam  or  silty 
clay  loam  about  10  inches  thick.  The  subsoil  Is  a  pale  brown  silty  clay 
loam.     Below  36  inches  the  soil   is  moderately  saline  . 

These  soils  are  used  for  dryland  hay  meadows  and  range. 
Representative  Profile: 

Location;     480  feet  north  and  760  feet  west  of  SE  corner  of 
Sec.  2,  T.  4  S.,  R.  4S  E. 

Al       0-2  inches  —  light  gray  (10YR7/2)  clay  loam,  pale  brown 

(10YR6/3)  when  moist;   fine  granular  structure;   soft  when  dry, 
friable  when  moist;  moderately  sticky  and  moderately  plastic 
when  wet;   noncalcareous;  many  medium  and  fine  roots;  many  fine 
discontinuous  pores;  clear  wavy  boundary;  pH(CaCl  7.7)(l-5  8.4). 

B2       2-12  inches   —  pale  brown  (10YR6/3)  clay  loam,  brown  (10YR6/3) 
when  moist;  medium  prismatic  structure;  hard  when  dry,    firm 
when  moist;   sticky  and  plastic  when  wet;  many  fine  and  very 
fine  roots;  many  fine  continuous  pores;  noncalcareous;  pH(CaCl-7.7) 
(1-S  8.4);  abrupt  boundary. 

CICa  12-36  inches  —  light  gray  (10YR7/1)  clay  loam,   grayish  brown 
(10YRS/2)  when  moist;  prismatic  structure  separating  to  medium 
and  fine  granular;   Bllghtly  hard  when  dry,   friable  when  moist; 
sticky  and  plastic  when  wet;  many  to  few  fine  roots;  common  tubular 
discontinuous  pores;  strongly  calcareous;  ptt(CaCl2  7.7)(l-5  8.4); 
diffuse  boundary. 

C2Ca  36-60  very  pale  brown  (10YR8/3)  silty  clay  loam;  pale  brown 

(10YR6/3)  when  moist;  coarse  angular  blocky  structure;  Bllghtly 
hard  when  dry;  firm  when  moist;  sticky  and  plastic  when  wet;  few 
roots;  common  fine  continuous  tubular  pores;  strongly  calcareous; 
(CaCl  7.9)(l-5  8.6)  gradual  boundary. 

C3Ca  60-72  ~  Very  pale  brown  (10YR8/3)  silty  clay  loam;  very  pale 
brown  (10YR7/4)  when  moist;  massive  structure;   hard  when  dry, 


very  firm  when  moist;   sticky  and  plastic  when  wet;  few  fine 
discontinuous  tubular  pores;  pH(CaCl28.0)(l-5  8.4);  cbrupt 
boundary. 
C4Ca  72-110  inches  —  Very  pale  brown  (10YR8/3)  silty  clay;  pale 
brown  (10YR6/3)  when  moist;  medium  angular  blocky  structure 
hard  when  dry,   very  firm  moist;  very  sticky  and  plastic  when 
wet;   few  pores;  slightly  calcareous;  pH(CaCl  8.2)(l-S  8.3). 
Sampled  with  a  hydraulic  core  machine. 
9010  Series  (3-7  percent  slope)  gi° 

This  soil  is  on  foot  slopes  and  creek  terraces  and  is  underlain 
by  shale  at  a  depth  of  more  than  S  feet.  This  soil  has  moderate  runoff  and 
permeability.  The  available  water  capacity  is  9  to  11  Inches  for  a  5  foot 
profile.  If  cultivated  the  soil  would  be  susceptible  to  soil  blowing  and 
water  erosion. 

This  soil   is  used  for  range  and  native  hay  meadows. 
9010  Series  (12-30  percent  slopes)  j^0. 

This  soil  occupies  the  lower  foot  slopes  and  terrace  scarps  along 
alluvial  valleys,      it  is  quite  similar  to  g^  except  it  is  more  severely 
eroded  and  may  include  cutbank  erosion  locally.     Where  the  "B"  horizon  is 
exposed  the  plant  population  is  reduced.     This  soil  may  be  subject  to 
moderate  to  severe  water  erosion.      It  is  used  for  range  and  native  hay 
meadows. 
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SOIL    LABORATORY  RESULTS 

SECTION  2,  T, 4$, R,  4  E.    AND    DRILL    CORE 


■3  CLASSIFICATION.'. 


ftCC  r/JMEHDECC^ 


<?C.£^ic ' 


'"'1130  5-600-2  6 


PLATE 

27 

C.bba   Sane, 

Cl-T   to   IS   Inth...    Ii|ht   bro-nlih-ir./    [i.ST   6/1) 

i*.  c.bb.  .en..  «....<■  oi  ..il-dramed.  —                    ^"uKie'^'-.S'Il^ilUr^Il'pSSS 

ar.   li|hi   brovniih  ,r.»   O.ST  b/1)  and  -hit. 

(J.ST   >/:)   «h«n  dry   and   Ii|ht   brown  1th   .ray 

(1ST   6/JI   -ben   -oi.t;   umve;    .oft   whan 

pla.tlc  whan  w.i;    itron|U  calcaraou.;   pH 

•bout    100  day..      To*  Cabbi    "'I'   *«   *"?i'*"d   *                             puchy   clay   ftl»i   on   pcd   (»c*».    noncelcere- 
Nidvty.    B.rvon.   Caapjpt...   Farland,   and   Brian   lolll,                       P          _          ', .           j^,    J,,,,,,.™ 

CI""IS  IUJ°  iijhroliirDro-n'.nd   iI(h<2broiniih 

Typically   the   .urface    layer    11   jra.nh iron                  ......12   to    IS    indie*      1  teht    olive-brown    (2.11   S/4) 

:°HH;:KE;;J'i::!£r';r ";; ::"       Jrlsi^rSHS^iir 

C3-M  "n","^,InJ%'^o.«ir,'ontol!d!t«l   ah.ll. 

ar.afa^,d^fa^dU",,  "°"''    '"'   ""*'*   ^   "™*                           "ld   P'""1   a**"**"!    nonc.lcarcou*; 'pH   T.J; 

The   »1   horl-on   r.n.ei   (roa   J   to   8   inch...      It   1. 

predoalnanily   ll It    loaa,    but    jntluda.    loaa,    llfht 

lection   II.   F.   1  S„  ».   U  I.,  l!   native   ,ra>.                    CiM..iS   ™   "l   Inche.  .    It|ht    bro-niih-gra,    (I.ST 

U--0   to   1   inch.*.   arayi.h-brown    UOVR   S/Jl   .lit                                6/2)   htM"    loaa,    «ran«b   brown    [2.ST   S/2) 

eier.   abundant    fin*   MU;   caleareoui;   pH                               lull   nodule,   of   11m;   pH  8.6;   abrupt   bound- 

Th.  C   horilon   ii   lilt    loaa   or    loan   2   to   14   inche-i 

Cl    ■'    to   li    inches.    liiM-|ri.    HOT*.   1/2)   heavy                  CJ--2I  to   26   Inche..    1  t|hr    brown i.h- (ray    U-ST  6/2) 

ind'hai    fe.'Ulrel.Uoni'of4ll«,inr'thre.d.Por   loft 

nit    Iota,    |reyl.h   6rown   HOT*   >/)]   -hen                                  very   fine   landy    loan,    jraynh  bro-n    [2.51 

nodule.. 

«"*"  ««  r00"-  *"du*1    **"?"*,                                •nd'fioot  Haw:  pM  8.6;  ,«du.l  boundary 

CJ--13   io   16   inche..    Ii.ht-grar    (tOffi   VI)    loa»,                CJ..,6   inche,,    n.ht   bro«ii.l.-irtr    (2   ST   6/3)   soft 

Elio   lilt    loaa.    8   to   IS  pereant   .lope.    (Ec) 

••^ 

Thi.  .oil  occur,  on  i«x.th  Fool   (lopai,   ridin. 

of    1*..   than   20   inchot .      Tnl»   .oil   ha>   the   profll.                                                                                H 
d.icribed   M   typical    for   the   .ana.        Included   with                                                                           Cf 

f     rvv— 

■ j          /   ■•.               ftt.m.  c...> 

j  fHs    /  |  Ht„     .'       f     i Hf                           /                 / 

'—    X.^  »^N 

nonplastic   -ben   -el.    .tron.1,   CIlurMil;                                .tronfly   cal'c.rcout;    pH   7  6." 

pH  ».0i   abrupt   boundary 

COlTki*'toH    ""aedlui' runoff   Indn««l-r"e   peme"* 

\T'  V 

^^N.      RO 

>0.    \             ~~\         si 

tba  bedroee    in   fracture*   and   between   layer.,          i,    2   or   3   in   chro-a.      11    r»n|e.   fron    loa.   to   lilt 

^     \  A) 

The   *  horlion  range*   fro.   flit    loa»   to   lot.  and            -on'ranie^froi'tlav'^loi^to   he-avi    iill    lou        The 

Thi.   .oil    ll   mad  aoitly   for   ran|e        Sa>all   areai 

He 
T«    J 

•                      N 

ll   4   to   8   inchai   thlea.      It   range,   free*   10T*   to                  *|ta   h0J,.on   nM   valuc-i   of   S   or   6   eften   dry        The 
CUlhawi-tUD   .lit    loa-<.   4    to   8   portent    »lopd. 

si«u;s.;r»s;^  im  :r,n" 

+-&\\ 

-^~~    - '~c-~~  \)  \\\    "* 

The  Havanon  .trie.  con. lit,  of  -all-dralnad. 
deep.      Tha.e   >oili    formed    in    loaa,   ttllivlua  under 

[CoV--Wili  «■»!«>■  of   wlt'i  on  upland,  mmUm  of 

..y'cla,    loa.'   *The   Cabba   ."ill   oc'up>°"«   "pt""1            Cu.l'.an'..  T«*  Jo--Joc*.ir'«iC  lon^^lb   fMt'sitpM 

ind'ela^tron   ^nJct'fro-'^TOo'to   J  JrofJJ"""  ' 

Mc^iv- 

•\ —       *•      Hl^—- — 

\X,~f* 

\^     Rl 

Ec                ^- y         ~~\^ 

Nv\  I 

acral'Inli.e"    ^"/^^"."u'.lner.I  l".r.              capacit,   M  «   »  •   Ine-il   in  Cu.h-an   .oil.   and   I   to 

ll1htUbr^l"-2My"iraMncd*"it^ 

\               /N$\ N^"'  >^--x              ^ 

Hill    ■andttona    l«l«*»   on   th.   ite.p   .oulhem   .lope.,            -odlu.   In   the   Cu.ha.an   .oil*   and    >*f  In  tta  EllO 

andTSr.f0™ed°h3"'and   ^ll""   """"   f°r   ,r"|,,,d 

Ru     v\ 

y ^           >    V\v\ 

The   north-facing   Hope,   normally   are   >mth  and                    „*   land.ton.                   •*"•*»»   readily   to  the   .halt 

^SiS^^^^1^^'"^" 

A                 \\\   \\    v^-^. 

Rt                                

are   .oderaiely   r^eabW^and  lltYl   -edlu-  nil   of           »n(e        (loth    .0.1.    >n   Mp^lll^MU   Illt-I^dry- 

J   S..   R.   51   K?f 

^                                        Vv\  W                  X- 

lnclUd«.r™!rS,dlnto   the   .£<t.r.d"p1e'!y\!".to^».         "'        ""      '"   ^        ''   '"^ 

.lit    loa..   dan   (tayl.h   brown    (2. ST  4/2] 

V,     /26             ^^ 

..n^.tnn.      .«l   -<-T    ,hale   badi .      Gra.i   and   ""                           Cu.naanElio   .lit    loaau.   1   to   IS  (*rcent    .lopai 

'SZ&^f^^^S' 

root,   aitend   to  a  dapth   of  acre   than   S   feet.      Th.ie            <Cn.).--Thti    ioil   eo-ple.   occuri   on   upland,   ana    it 

protocted   be   ara.i   and   mil,   but    tj    ii   lever.    In                are   on   .sooth   foot    ilopei   and    in   i.aia.     *"d   E'*°Uh 

C'"6  "Jdy'loM^iU^/rio^neh'lIye^o/'.llt 

\            C.                                                         \\               M, 

\\S        --        X                 . 

IIS. 

ISKiSsH^ 

\)x         '" — 

ct!^r?it^.^o-,iiln!ron'n1rtnnf.cin!;,'i"*'              M^.'USlIlt?  t^^lVSrSnS?^  S- 

«d^wp1JucIhenbietr«.Uy".lc^.0U^' 

Hi    / 

'      \ 

The   nmn   lit*    Indei   for   pondaroia   pine    11   SI              suitability   iroup) 
on  Cabba   itlt    loa»       The   annual    yield   froa   ununited 
itand.    n    1*1.   than   1.000  board   feel   per   acta,      tc- 

pll   8.6;   clear  boundary 

»ery   fine   landy    loa.  wd    l/2-lnch    layer,  of 

Inch    l^x*r  of   li|.nt-,T.y    (2. ST   7/2)    fin. 
land;   M..ive.    .oft   .hen   dr.  ,    friable  whan 

\              \  X 

\         \ 

baiard   -here   DWrrfimilOf   Ms   re-oved   the   |rui   to.-                  The   EHo   lena.   unilttl   of  -el  1 -drained,   aadiiai- 

CS--26   to   18   inehei.    Hint    bro-ni'lh-r.y    (10TB  6/2) 

R*       ^-^>~n 

\          1 H                  ir 

of   tha  plant i   die       Coaptation   fro«   planti   thai                  alonfi     n."~   r''';"  .    >•?!;.    i?.i   ::i-l-:   !.■'.-•>- 
uvin        [CapaMlltr  unit   Vlla-1;    ranfa-iall    iroup             ■   to   4S  pareent,    and   e!e»atlon   ranin   fro*   5.000   to 

iiae   .packs;    .!i|htly   hard   -hen  dry.   vary 

«.  \^-~        r^^  J    V 

\    «,                                 "^ 

c„,^  «-                                  Wi?  ^^  ""»""-"-  "'  " 

"--"•iHlbi^'^'s^u'ijr' 

Ec 

0      ' 

~  s;""™:"'u.r:;:".°;."S';""^"""  s?SSi521n?ri!*i!1S:!. 

:^;hl'":iH'<™°^l»".^'°™^f.""""•''•''»■;j  mJSJJ." " "" " ' *"' " '"" '"" 

.ticay  and  nonplutlc  whan  wet;   -e.ily  cal- 

\                              <          ^^ — A\         \ 
v                                \                     ll  Ec      \ 

v            \ 

c.raoui;  pH  8.2. 

\ 

UNITKO     MTATt* 

TffU|!1>loU"»bout"riMh«   JhiikfinS^h.'lub- 

Jified,.!lth''and"lndy   iaterl.ll   of'the'.ub^tr.tu." 

\              '•••^                        v      /          ^ 

! ■.. 

SOIL  CONSERVATION    SERVICE 

Skt"  s?SK5^^5:  s»'^S"S"  "'"'  iis; Ti:VHin!i;S^i;r 

o«ur  ulnly  at  a  depth  of   11  to  48  inehe.. 

"I        (    ^\^X 

J                               v        M«                \       ( 

■n   \        v\ii   ; 

^..J.               V— - 

SOIL  SURVEY  OF  POWDER  RIVER  AREA 

OTTER     CREEK    STUDY   SITE 

(Ik). --Thi*   loll   OMUM   on   flood   plain,   and   linn 

Mg           ( 

3^r€:S:S''^.:  '«•  ": "'  s  ?^SlrSJS;' 

at  a  depth  of  20  Inch a.  or  mora,      it  hi*  tha  pro- 
file da.crlbtd   a*   typical   for   the   larlti.      Includ- 
ed with   thi*   .oil    In   sapplnf  ar.   trial   of  Glenber| 

y^~- — 

OTTER     CREEK    COAL    WELD 

<>....«.„-  »_■«•».• .„...,r  .«„... ifaKj^tyK,! ._. 

K,    S1*E.:                                                                                                                          pl.it. c   «hM  ■«:    .tronily  calcarcoui;   pll 

HatA   .rarl»h-bnwn    (10TI  6/1)                              '  ■'.    »r.dual   boundar/. 
M..0   »^l>a*~.^l        I^i(h   br0MTi    (,ovi   v,,   ^„ 
„*i;%*aa.    fiha.   iranul.r   IIlUMtaWi    loft 

Thi*   .oil   ha.   .low   runoff  and   aoderata  permu- 

conttnt    it    low.    tnd   the   fertilit,    i.   wdl^.        Pluit 
root,   pen.irtte   deeply.      Fallowtd    ,„u    blowi   ea.ily. 

Thi.   toll    it   uieu   for  dryfarxd   or   irri|atad 
>«H  (rain*  and  alfalfa  for  hay  or  ited.     Alfalfa 

-,    '^. 

>\. 

eT  9  H                                          .^^v^yi     JUl^tL**- 

e"  •  -  * ~  !.T  1  _  _• .rcm.i.M^  /ll^^-.^y^.j.  .'.  1 

CHme*»-Hi**J d^v,«....^.iMSk.... 

R.4SE. 

tlLLiNaS,  MONTANA    MA*CM   19  73  I  |  305-600  -   1*7 

IIS 

.oil        (Capability   unit    MK-I.   dryland;    ranft-ioll 

ixoup   *;   vi-dbraa.   ndUUllIf   ,™up   2) 

*rr. 

'.o  id  isBr: 

Hint  brwml.r 

■ir.r   1!  S>  •/!) 

.lopci  nm  --Tv«r  10111  «tup. 

^r;".c::rc,^;;:«^»: 

";,'i^'*.r '" 

"UV 

•ffiSs-srti 

!""«--» iciy'and 

i.'::;°ii';i 

SCilsi 

:::,:' ,;,".;... 

MtrMuii  ph  ;.o. 

;  pH  1.0;  abrupt 

m  ilit.     1  Mandvrln.  una  ehi 

iui«l  i  to  is  r**i 

J   J  f^"ich 

~^l»*iil,  tiro*-. 

nom  s/'t    in 

boundary. 

vldo  ml  i  tot  r»i  doop  cut.  th 

Hood  pl.t"   Into  Irrofulor  UNI 

Mt'Ih^w"." 

IC»" 

ftW,!; 

™j.™f;.U- 

4  ■"<?■££• 

£■£.«■ 

hi>   ixp.ux  eryi- 

IoIo'.mIt'cIp.".!^^"^"! 

whUi*  "*  ",,U             * 

-.ft  toj^.-ch. 

n  U0«'!/3)°Ih. 

'JJJir'iJk1* 

cl.r 

loan  to   ll.ht 

1.,   or   ll|ht 

iitrcur,    it 

fl.ld."..",.U".r".".".'";... 

[  ^;;.y  ^' 

.»!"«' 

•"^ill  SUM 

!"""."  *od,r' 

'."' 

drr.  md  *  or 

.n«n-oi,«. 

r*.  ran.,.,    fro.  2 

.;.!,».,...  .„i,».||,rn«,„ 

« 

Pssa 

10YR  6/1)    lilt 

2S 

;..B.I 

i'SiTo 

■andy,  and 

r.1o.;.~":;;"'»n™':.::.: 

«l"f.*,n*.rii.df«OI 

"ca««i!"Mt" 

;;.:*;.  ^;.„. 

(WIT 

PLATE        28 


;   ptrctnt    alopei 


to  «  ptrLIM    llopti    (Md)- 


,Top...  .KU  .oil  * 


.  to  ft:  ,nch.,.  Ii|ht  ytlloW.h-brOT  (I 
»/4)  »k.  clir  lot*.  ll|ht  ol...  brow. 
tl.51   S/41   rim  Mist;   M.ii.t;    .liahtll 

Ifptin.  emu  I,   in    inn   tuvj   lull   poc.«i 


<rk.l.-'.TMl   aoll    I'.   on   Co 


r   .r.r.mJ  |rtliu  and  bar.      (Capabil 


If.]*.   iTo-n   for  .a.,   or   lead. 
Typical   profit*   of  UcX«*   all 


X" 

"^Xn  ^Ec 

M.           (^ 

£ 

/••■- 

1 

/ 

/ 

A- 

SOIL  CONSERVATION    SERVICE 
SOIL  SURVEY  OF  POWDER  RIVER  AREA 

OTTER     CHECK.    STUDY  SITE 
OTTER     CREEK    COAL    FJgL.0 


/£a\s?Ia% 


VLLIN93, MONTANA   NAKCH  It73\  |  305-600"   I  8 


116 


i.^'^    '.m. 


PLATE     29 


ri^'il'il'^Sv*  ^"K":"''''r:" 


(lly       conslix  0fc 


ironfir  cbIcmwmi;  p"  * 


.01  5S  pr 
Ion,   it.velly 


>Ih.      Orianie-»i(t 


PLATE    30 


GK 


«& 


«®h 

l*» 

"  1     * 

Area        Acre 

llHLr\  " 

71* 

i  >", 

J... 

*« 

NEk 

S^ 

A2*  5.6 
A3            2.2 

'\  ■ 

A5*        29. 1 

TT»- 

A6*  21.5 
A7            8.2 

';yk^z; 


-  *•  filr  to  good  for 
■27"  poor   far  turfict 


(Inches) 
48.0 


C16    2.0 


C8**   10.0 


*     Topographic  and  soil  limitations 
■tripping  and  stockpiling  iurfaci 
**    Topographic  and  aoll  limitations  will  1 
(KaS)  Sallne-alkall 
(a)    Saline  moderate  to  high 


Material  froa  geologic  strata 
Restricted  permeability 
Clay 

Horizon*  Reconstructed  Profile: 


20.0 

24.0 

48.7 
29.4 

D3 
D5 

5.2* 
10.6 
10.6** 

33.6 

<G)60.0 

105.7 

40.0 

60.0 

114.0 

16.2 
60,0 
70.0 

32.4 
64.0 

86.0 

08 
D9 
D10 

6.9* 

5.7 

30.2 
5.0 

(G>50.3 
(GJ35.0 

41.0 

Dll 

4.9** 

(G)23.6 

35.6 

D13 

<G)70.0 

84.9 

D14 

15.9 

(G)72.0 

97.0 
(C)44.8 

(HaS)lO.O 

73.6 
110.2 

13.0 

D15 
D16 
D17 

7.7* 
1.2 
17.1 

C(HaS)14.2 
9.3  G(MaS)30.0 

22.1 
43.6 

D19 

9.7 

60.0 

72.0 

D20 

1.1* 

likely  will  preclude 
lpping  pare  ( 


",  (B)  0  -  12",  (BC)  6  -  24",  (C)  24+ 


EXPLANATION 


fc— ^"^? 


(Inchee) 

(Inchea) 

(Inchea) 

(Inchea) 

Total 
(Inchea) 

6.0 

10.0 

(G)50.0 

66.0 

8.0 

8 

0 

4.6 

17.0 

(S)50.0 

71 

6 

18.0 

0.8 

42.0 

(S)48.0 
(C)16.7 

19 

O 
9 

4.8 

52.0 

56 

8 

G(NaS)48 
(HaS)36 


(G)56 

(GNaS)60 
(0)30 
(C)47 


11. 

20 

(GNaS)60 

0. 

(G)36 

29. 

(G)19 

8. 

(G)60 

16. 

(HaS)14 
G(NaS)25 

T 


>.c.    M-*5  IM 

Sic.  26-W5  B.7 

S«c.  31-WS  5.6 

lot»l  88,7 


8      *-IO    »-10      5-10    bTio      A    5-lQ      3(q?)sri0      3(g])M        I 3  l-fro2))-3      2-7(g3)2-7      2-31  o*  12-3      1-7.     I-?      0-Uq3-^)J- 


5.2  26.6  S.* 

16.8  47.1  2t.8 


105.8  233.3     1298.1 


SEC  26,     T4S,   R45E 
POWDER     RIVER    CO 


SCALE    OF    TET 


BV'WU    OF  RECLAMATlC 


DETAILED    LAND    CLASSIFICATION 

OTTER     CREEK    STUDY   SITE 
OTTER     CREEK    COAL    FIELD 


>  AAJfc- ,. 

tie 


PLATE    31 
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Location  and  Detent  of  Useable  Overburden 
Section  2,  T.  4  S.,  R.   45  L. 
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15 

1 
1 
9 

7 

9 
3 

4 

2 

0 
9 
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1.38 

1.31 
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1.24 
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PLATE   34 


Symbol     Acrss     X     HIM 


9001-Nrdlun   loaay   aolle, 
9002-Moderately   fine   loaay   nolla, 
9002-Moderately  flna  loaay  aolle, 
9002-Moderately   flna   loiay   aolla, 
9002-Hoderataly  fine  lossy  aolla, 
9003-Moderately  fine  lossy  aolla, 
9003-Pine  clayey  aolla, 
9003-Hadlua  lossy  aolla, 
9003-Hoderste   fine   loaay  aolla, 
9003-Moderately  fine  loaay  aolla, 
9003-Moderately   flna   loaay   aolla, 
9003-Moderately   flna   loaay  aolla, 
9003-Moderately   fine   loaay   soils, 
9003-Hoderately  fine  loaay  aolla, 
9003-Moderately   fine   loaay   aolls, 
9003-Hoderately  fine  loaay  aolla, 
9003-Moderately   flna   loaay   soils. 

-Stony  medium  loaay  aolla, 
9003S-Stony  medlua  loaay  aolle, 
90035-Stony  aedlua   loaay   aolla, 
-Medium  loaay   aolla, 
-Medlua  loaay   aolla, 
9004-Kedlus  loaay  aolla, 
900S-Hadlua  loaay  aolla, 
Medlua  loaay   aolla, 
9005-Hediua   loaay   aolla, 
>-Medlua  loaay  aolla, 
9006-Medlua  loaay  aolla, 
9007-Hoderately  fine  loaay  aolls, 
9007-Hoderstely   fine   loaay   aolla, 
9008-Hedlun  loaay   aolla. 
'Medium   loamy   aolla, 
9008-Moderately   fine   loaay   aolla, 
9009-Hedlua  loasy  aolla, 
Hadlua  loaay  aolla, 
9001 O-Hod era tely   fine   loamy  soils, 
90010-Moderstely  fine  loamy  aolla, 

EXPLANATION 


3  percent  slope, 
3  percent  alopa, 
7  percent  alopa, 
12  percent  slope, 
12  percent  slops, 
7  percent  slope, 

12  percent  alope, 
12  percent  slope, 
12  percent  slope, 
12  percent  alope, 
20  percent  alopa, 
20  percent  alopa, 
35  percent  slope, 
35  percent  slope, 
75  percent  alope, 
75  percent  alope, 
7  percent  slope, 
7  percent  alope, 
12  percent  alope, 

7  percent  slope, 
12  percent  slope, 
3  percent  alope, 
3  percent  slope, 
12  percent  slope, 
3  percent  slope, 
3  percent  elope, 
3  percent  alope, 

3  percent  slope, 
7  percent  alope, 

3  percent  slope, 
7  percent  alope, 

12  percent  slope, 


■table  erosion 
stable  erosion 
alight  erosion 
alight  erosion 
moderate  erosion 
slight  erosion 
moderate  eroalon 
moderate  eroalon 
moderate  eroalon 


moderate  eroalon 
asvere  erosion 


severe  erosion 
moderate  eroalon 

alight  eroalon 
stable  eroalon 
alight  eroalon 
alight  erosion 
stable  eroalon 
alight  erosion 


alight  erosion 
alight  erosion 
alight  eroalon 
slight  eroalon 
atable  eroalon 
atsble  erosion 
moderate  eroalon 
atable  erosion 
alight  eroalon 
alight  erosion 


CON'ACT  BETWEEN 
BAKED   ANO  UNBAKED    ROCK 
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9003-Hoderately    fine    loaay 

1  9002 -Moderately  fine  loiay 
9002-Hoderately   fine   loaay 

4  9002-Hoderately   fine   loaay 

2  9003-Hoderately  fine  loeay 
9003-Flne  clayey  aolla, 
9003-MediuD   loaMy   aolla. 

2  9003-Koderate   fine   loamy  a< 
1      9003-Hoderately   fine   loaay 

3  9003-Hoderately  fine  loaay 
lb     9003-Hoderately  fine  loaay 

9003-Hoderately  fine  loamy 

5  9003-Hoderately  fine  loaay 

6  9003-Hoderately   fine   loaay 
5      9003-Hoderately   fine   loaay 

21  9003-Hoderately  fine  loaay 
9003S-Stony  aedlua  loaay  so 
9003S-Stony  aedlua  loaay  ao 
90035-Stony  aedlua  loaay   ao: 

9     9004-Kedlua  loaay  aolla, 

1     9004-Kedlua  loaay   aolla, 

7  9004-Kedlua  loaay  aolla, 
9005-Hedlua  loaay  aolla, 
9005-Kedlua  loaay  aolla, 
9005-Hedlua  loaay  soils, 

4  9006-Hedlua  loaay  aolla, 
9006-Hedium  loaay  aolla, 

1  9007-Hoderately  fine  loaay  aolla, 
9007-Hoderetely   fine   loamy   aolla, 
9008-Hedlun  loaay  aolla, 
9008-Hedlum  loaay  aolla, 
9008-Moderetely  fine  loaay  aolla. 
9009-Wedium  loaay  aolla, 
9009-Hedluo  loaay  aolla, 

2  90010-Hoderately  fine   loaay   aolla. 
2      90010-Hoderately   fine   loamy   aolla. 

EXPLANATION 


to  3  percen 

t  elope 

to  3  percen 

t  elope 

to   7  percen 

t  alope 

to  12  percen 

t  alope 

to  12  percen 

t  alope 

to  7  percen 

t  alope 

to  7  percen 

t  elope 

to  12  percen 

t  elope 

to  12  percen 

t  alope 

to  12  percen 

t  alope 

to  12  percen 

t  elope 

to  20  percen 

t  alope 

to  20  percen 

t  alope 

to  35  percen 

t  alope 

to  35  percen 

t  elope 

to  75  percen 

t  alope 

to  75  percen 

t  alope 

to  7  percen 

t  slope 

to  7  percen 

t  alope 

to  12  percen 

t  alope 

to  3  percen 

t  alope 

to  7  percen 

t  slope 

to  12  percen 

t  alope 

to  3  percen 

t  alope 

to   3  percen 

t  alope 

to  12  percen 

t  slope 

to  3  percen 

t  slope 

Co  3  percen 

t  alope 

to   3  percen 

t  slope 

to   7  percen 

t  slope 

to  3  percen 

t  slope 

to  7  percen 

t  slope 

to  35  percen 

t  slope 

to  3  percen 

t  slope 

to  7  percen 

t  slope 

to  7  percen 

t  slope 

to  12  percen 

t  slope 
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stable  eroe 
steble 
alight 
alight  not 

alight  eroe 
aoderete  ■ 

moderate  < 


alight 
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alight 
alight  eroa: 
a  table  eroa: 

alight 


•light  « 
alight  . 
slight  < 
alight  erosl< 
ateble  erotic 
•table  i 
aoderete  erosion 
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slight  < 
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SS. 

9001-Madt.a.  lowy  aoUa, 

is.e 

9002 -Woo*  rotoly  fine  loamy  ioUi 

s.l 

9001-Moderataly   line   loaay  aoUa 

'• 

11  z 

9002 -Moderately   fine  louy  loUi 
9001-Kodorately  fin.  loaay  ioUi 
900I-Modarat*ly  fine  loany  aoUa 

•• 

Ll« 

«<H>:i-riaH   clayey  ioUi, 

900.1 -Hedlun  loamy  aoUa, 

9O0.i -Mode rate    fine   loany  aoUa, 

900^-ttodtrattly  (Ina  loany  aoUa 

900:  -Moderately   fin*   loaay  aolla 

M. 

U   157.. 

•OOi-Hod.ntely  flu  louy  «0U. 

30.7 

9003 -Mod eratdy   fine  loaay   ioUi 

SO. 

IS  116.* 

9003 -Moderately   flna  lowy  .oil. 

SS. 

17  171.7 

9003 -Moderately   fix.  lo«y  .oUa 

6i. 

19  1S3.0 

9003 -Moderately   Ho.   loaay  aoU. 

"■ 

T   SS6.0 

9001 -Moderately   fin*  loaay  aoll* 
90031-Stony  acdlm  loaay  toll*. 

n  Hope,   atabla  o 


Sttortlua  loaay  aoUa,  0  -    3X 

s-Meoliai  loaay  lolli,  7  -  12* 

7-Moderotely  fine  loaay  loll*,  3-7% 

S-Hedlua  loaay  aolla,  3  -    TX 

i-Hoderately  fine  loaay  aoUa,  30  -  SSX 


SOIL      PROFILE       NOTES 


EXPLANATION 


5o*d,  Cia,  Loom 
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VEGETATION,  SOIL-MOISTURE -RETENTION 
CHARACTERISTICS  AND  SOIL  ERODIBILITY 

Reclamation  of  surface-mined  lands  will  be  more  successful  and  be 
accomplished  in  less  time  if  surface  soils  are  stock-piled  and  then 
replaced  on  the  reshaped  disturbed  overburden.   Effective  use  of  the 
surface  soils  requires  a  knowledge  of  their  moisture  retention  charac- 
teristic or  the  relationship  between  the  quantity  of  moisture  in  the 
soil  and  the  forces  involved  in  retaining  that  moisture. 

The  moisture  retention  characteristic  for  a  soil  can  be  defined  if 
two  physical  properties  are  known:   (1)  a  measure  of  the  surface  avail- 
able within  a  soil  for  adsorption  of  moisture  as  films,  and  (2)  a 
measure  of  the  porosity  of  the  soil  that  exists  at  the  time  for  which 
the  characteristic  is  to  be  defined. 

Moisture  contents  may  be  defined  on  a  weight  basis  (grams  of  water  per 
gram  of  soil)  or  on  a  volume  basis  (cubic  centimetres  of  water  per 
cubic  centimetre  of  soil) .   Conversions  from  weight  to  volume  are  made 
by  multiplication  by  the  dry  bulk  density  of  the  soil. 

The  forces  of  moisture  retention  are  defined  in  numerous  ways:   atmos- 
pheres, bars,  feet  of  water,  pounds  per  square  inch,  ergs  per  gram, 
etc.   This  report  will  use  pF,  (Schofield,  1935)  which  is  defined  as 
the  common  logarithm  of  the  height  in  centimetres  of  a  column  of  water 
that  requires  an  equivalent  force  to  support  it.   The  use  of  pF  simpli- 
fies computations  and  permits  visualization  of  the  forces  as  physical 
dimensions. 

For  equilibrium  conditions  a  pF  of  1  represents  the  retention  force 
at  a  height  of  10  centimetres  above  a  water  table.   At  100  centimetres 
above  a  water  table  the  stress  would  be  pF  2  and  at  1,000  centimetres 
(10  metres  or  30.48  feet)  the  equilibrium  stress  would  be  pF  3.0. 

McQueen  and  Miller  (1974)  described  a  model  for  synthesizing  the  soil 
moisture  characteristic  from  limited  data.   The  curve  is  divided  into 
segments  and  a  separate  mechanism  of  moisture  retention  determines 
each  segment  (see  figure  6) .   For  the  range  of  retention  forces  from 
pF  2.5  to  5.0  (3  to  1,000  metres)  moisture  is  retained  as  films  on 
particle  surfaces  by  molecular  adsorptive  forces  that  vary  inversely 
with  a  power  of  the  film  thickness.   This  segment  of  the  characteristic 
is  a  straight  line  intersecting  the  zero  moisture  content  axis  at 
pF  6.25  and  passing  through  any  valid  pF  versus  moisture  content  data 
points  that  are  known. 

For  retention  forces  greater  than  pF  5.0  the  moisture  is  adsorbed  to 
surfaces  in  a  pseudo-molecular  structure  and  the  moisture  character- 
istic is  cyclic.   However,  it  can  be  approximated  by  a  straight  line 
between  the  zero  moisture  content  axis  at  pF  7.0  and  the  adsorbed 
segment  at  pF  5.0. 

For  moisture  retention  forces  less  than  pF  2.9  surface  tension  forces 
may  add  additional  moisture  in  the  form  of  capillary  water  bodies  to 
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Figure  6 


-= —  Oven    dry        7.0 


Zero    intercept      6.25 


Clay  hydration        5.0 


■ . . .  i . .  1 1 1 


0.1  0.2  0.3  0.4  0.5 

MOISTURE     CONTENT    IN      gm/gm 


0.6 


Figure  6. — Definition  diagram  for  method  of  synthesizing  soil  moisture 
characteristic  from  limited  data  (after  McQueen  and  Miller,  1974), 
In  this  example  the  permanent  wilting  percentage  was  reported  as 
10  and  saturation  percentage  as  60. 
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the  moisture  retained  as  adsorbed  films.   This  capillary  segment  of 
the  soil  moisture  characteristic  is  unstable,  because  of  alterations 
in  pore  geometry  and  the  effects  of  a  hysteresis  loop  so  it  can  only 
be  defined  in  terms  of  limits  or  ranges.   However  the  probably  config- 
uration can  be  predicted  for  given  sets  of  conditions. 

Synthesis  of  a  typical  soil  moisture  characteristic  is  illustrated  in 
figure  6.   The  adsorbed  water  segment  is  defined  from  one  or  more  data 
points.   In  this  report  all  retention  data  were  obtained  with  the  wide 
range  method  of  McQueen  and  Miller  (1968)  but  any  valid  data  could  be 
used.   The  intercept  of  the  adsorbed  water  segment  at  pF  6.25  has  been 
established  statistically  from  a  large  mass  of  data  and  should  be  con- 
sidered valid  for  most  soils.   Structured  water  (the  segment  above 
pF  5.0)  can  usually  be  removed  from  a  soil  profile  only  by  evaporation 
near  the  soil  surface  so  it  need  not  be  considered  when  computing 
transpiration.   The  adsorbed  moisture  segment  is  extended  to  the  zero 
pF  axis  to  indicate  the  computation  for  AMC  (the  maximum  adsorbed 
moisture  at  a  stress  of  pF  zero) . 

Procedure  and  Data  Presentation 

Soil  profiles  were  sampled  at  locations  indicated  on  the  vegetation 
map  (plate  38) .  A  sample  was  obtained  for  each  10  cm  depth  increment 
in  each  profile  using  a  2-inch  diameter  barrel  type  soil  auger.   Samples 
were  examined  in  the  field  to  define  tentative  horizon  depths  and  then 
sealed  in  plastic  bags  and  cans  for  transportation  to  the  laboratory. 
A  moisture  stress  sensor  (filter  paper)  was  included  in  each  sample. 

Vegetation  at  each  sampling  site  was  identified,  measured  and  photo- 
graphed to  define  plant  community  associations.   The  results  of  the 
vegetation  measurements  are  presented  on  table  15.   The  soil  moisture 
characteristics  and  photographs  of  the  12  sites  sampled  are  shown  on 
plate  39. 

Data  resulting  from  the  soil  analyses  are  presented  in  table  16. 
Definitions  and  methods  for  the  items  reported  are  as  follows: 

H=Soil  Horizon  determined  during  field  examination  but  adjusted  where 
bulk  density,  electrical  conductivity,  pH  or  root  data  indicated  a 
change  should  be  made. 

l=That  portion  of  the  soil  profile  that  is  wetted  by  capillary 
or  gravity  flow  during  recharge  events.   The  A  Horizon  or 
leached  zone. 

2=That  portion  of  the  soil  profile  that  receives  moisture  after 
recharge  events  by  displacement  of  the  moisture  in  the  1(A) 
Horizon.  Moisture  movement  is  usually  in  the  form  of  film  flow. 
A  zone  of  accumulation  of  clay  and  salt.   Usually  corresponds 
to  the  B  horizon 

3=That  portion  of  the  soil  profile  that  receives  moisture  in  the 
vapor  phase.  A  zone  of  minimal  moisture  change.  May  coincide 
with  the  B2  horizon. 
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4=That  portion  of  the  soil  profile  with  no  evidence  of  live 
roots.   This  usually  represents  the  top  of  the  C  horizon. 

DPTH=Sampling  depth  in  centimetres.   The  depth  reported  is  the  depth 
in  centimetres  to  the  bottom  of  the  sample. 

SM=Soil  Moisture  or  moisture  content  of  the  sample  in  grams  of  water 
per  gram  of  dry  soil.   Richards  et  al.  (1954),  Method  26  or  ASTM 
(1958)  Designation:  D  698-57T  paragraph  11  except  that  results  are 
not  converted  to  percents. 

VOL  WT=Bulk  density  or  apparent  volume-weight  is  grams  per  cubic  centi- 
metre.  Computed  as  the  dry  weight  of  the  soil  sample  in  grams  divided 
by  the  product  of  the  mean  cross  sectional  area  of  the  augered  hole 
and  the  sampling  depth  increment. 

VOL  (AVE)=Average  bulk  density  or  average  apparent  volume-weight  in 
grams  per  cubic  centimetre,  computed  as  a  moving  average.   Each  figure 
is  the  average  of  three  consecutive  figures  in  the  preceding  column: 
This  computing  technique  reduces  the  variability  introduced  when  the 
auger  does  not  retain  the  same  volume  of  soil  even  though  the  depth  to 
which  it  is  driven  is  precisely  controlled. 

FVR=Field  Void  Ratio  -  The  ratio  of  the  volume  of  voids  to  the  volume 
of  solids.   Computed  from  the  average  bulk  density  by  assuming  that 
the  density  of  the  solids  is  2.65  grams  per  cubic  centimetre.   The 
formula  is  FVR=d  /dg-1  where  dg=specific  gravity  of  soil  particles  and 
dg=volume  weight  or  bulk  density  of  the  soil  in  situ  (Krynine,  1947, 
p.  45). 

VMC=Voids  moisture  capacity.   The  weight  of  water  in  grams  that  would 
fill  the  voids  in  a  unit  volume  (lcc)  of  soil  if  the  soil  mass  were 
confined  so  that  the  field  bulk  density  is  maintained.   Computed  as: 
VMC=FVR/2.65  (Krynine,  1947,  p.  32). 

SMC=Saturation  moisture  capacity.   The  maximum  moisture  that  a  sample 
will  absorb  under  free-swell,  disturbed  conditions;  the  moisture 
content  at  ultimate  hydration.   Richards  et  al.  (1954),  method  2  or 
ASTM  (1958)  Designation  D  426-39. 

TVR=Void  ratio  for  completely  saturated  sample  is  computed  as  2.65 
times  SMC. 

G/cc=Total  density  of  saturated  paste.   Determined  by  weighing  100 
cubic  centimetres  of  saturated  paste  after  tapping  the  container  on  a 
solid  surface  to  remove  the  larger  air  bubbles. 

SVR=Saturated  void  ratio.   Void  ratio  of  saturated  paste  computed  from 
SMC  and  total  density  of  saturated  paste.   This  void  ratio  includes 
minute  bubbles  of  air  retained  in  the  paste. 

pF=The  moisture  retention  force  existing  in  the  soil  at  the  time  of 
sampling.   Reported  as  the  logarithm  of  the  height  of  a  column  of  water 


137 


supported  by  an  equivalent  force.   pF  is  measured  using  the  method  of 
McQueen  and  Miller  (1968). 

AMC=Adsorbed  moisture  capacity.   This  represents  the  moisture  content 
in  grams  required  to  satisfy  all  of  the  molecular  adsorptive  forces 
exerted  by  a  gram  of  soil  particles.   Computed  as  AMC=-6.25  SM/(pF-6.25) . 
This  value  is  the  intercept  of  the  adsorbed  segment  of  the  moisture 
characteristic  with  the  X  (or  zero  pF)  axis. 

CMC=Capillary  moisture  capacity.   Computed  as  SMC-AMC.  Where  this 
value  is  negative  it  means  that  the  soil  moisture  characteristic 
probably  can  have  no  capillary  segment  because  the  pores  are  too  small. 

LS=Linear  shrinkage.   Ratio  of  the  change  in  diameter  of  a  cylindrical 
pat  of  saturated  paste  during  desiccation  to  the  original  diameter  of 
the  saturated  pat. 

EC=Electrical  conductivity  of  saturated  paste.  Richards  et  al.  (1954), 
method  5  except  that  a  two-prong  stainless  steel  probe  is  used  in  place 
of  the  Bureau  of  Soils  electrode  cup. 

PH=The  negative  logarithm  of  the  hydrogen  ion  concentration  in  the 
saturated  paste.   Richards  et  al.,  method  21a. 

ROOTS=Relative  concentration  of  roots.   The  root  material  retained  on 
a  60-mesh  sieve  in  a  wet  sieving  process  was  examined  and  the  relative 
concentration  within  the  profile  was  estimated.   The  concentration  of 
roots  in  the  second  sample  (10  to  20  cm)  was  given  a  value  of  10  and 
the  other  samples  were  given  relative  numbers.   Where  roots  are  re- 
ported as  0.0  for  all  depths  at  a  site  the  estimation  was  not  made. 

ET=Erosion  time  (minutes) .   Time  in  minutes  required  to  erode  the 
sample  after  it  has  been  saturated,  puddled,  placed  in  a  cylindrical 
container,  allowed  to  air  dry,  removed  from  its  container  and  subjected 
to  an  erosive  force  that  simulates  a  flowing  stream  with  a  velocity  of 
0.58  meter  per  second  measured  about  2  cm  from  the  eroding  surface. 

TRAN=The  ratio  of  transportable  to  nontransportable  particles.   A 
60-mesh  (0.25  mm)  sieve  has  been  arbitrarily  chosen  to  define  the 
boundary  between  suspended  and  bedload  material.   Those  particles 
smaller  than  0.25  mm  can  be  suspended  in  a  moderately  turbulent  stream. 
Particles  larger  than  0.25  mm  will  usually  be  bedload. 

EK=Erodibility  constant.   Computed  as  the  reciprocal  of  the  logarithm 
of  the  erosion  time.   EK=l/logi qET.   This  relationship  is  discontinuous 
at  ET=1  and  because  short  erosion  times  are  difficult  to  measure 
accurately,  for  samples  where  ET  approached  1  minute,  a  value  of 
2  minutes  was  arbitrarily  assigned.  Also,  when  a  sample  had  not 
disintegrated  after  24  hours  in  the  erosion  test  device  it  was  removed 
and  arbitrarily  assigned  a  time  of  24  hours. 

NOTE:   EK  is  similar  in  form  to  the  K  value  defined  by  Wischmeier  et  al., 
for  use  in  the  universal  soil-loss  equation.  However,  it  should  not 
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be  considered  as  a  replacement  or  duplication  because  it  is  derived 
from  erosion  tests  instead  of  grain  size  data.   Parallel  tests  have 
not  been  conducted  to  define  the  possible  relationships  between  EK 
and  K. 

IR=Infiltration  rate.   Computed  from  the  dimensions  of  the  saturated 
soil  pat  and  the  erosion  time  by  assuming  that  when  erosion  is  com- 
pleted sufficient  water  has  entered  the  pat  to  completely  saturate  it. 
When  an  erosion  pat  is  reinforced  with  roots  or  gravel  particles  in 
a  clay  matrix  its  ET  may  be  extended  and  the  computed  IR  may  be  too 
small.   IR,  as  reported,  should  be  considered  as  a  minimum  infil- 
tration rate  in  cubic  centimetres  per  square  centimetre  per  hour. 

Discussion 

An  objective  of  this  study  was  to  define  the  hydrologic  characteristics 
of  soils  associated  with  vegetation  types  existing  on  sites  proposed 
for  strip  mining  of  coal.   Many  hydrologic  properties  of  soils  are  not 
constant  but  can  change  one  or  two  orders  of  magnitude  under  natural 
conditions.   Greater  changes  can  be  expected  during  the  disturbance  of 
mining  operations. 

One  property  of  a  soil  that  will  not  change  appreciably  is  its  specific 
surface.   This  can  be  changed  by  weathering  or  by  crushing  and  grind- 
ing but  these  changes  are  slow.   Hydrologic  characteristics  that  are 
functions  of  specific  surface  can  be  defined  for  individual  soil  sam- 
ples or  for  mixtures  of  soils.   The  adsorbed  film  segment  of  the 
moisture  retention  characteristic  of  a  soil  is  a  direct  function  of 
the  specific  surface  and  can  be  defined  by  a  single  parameter  AMC 
(adsorbed  moisture  capacity) .   Evaporation  and  transpiration  can  be 
estimated  from  the  soil  moisture  characteristics  for  the  soil  horizons 
and  a  knowledge  of  the  growth  patterns  and  moisture  requirements  of 
the  plants. 

Any  hydrologic  characteristic  that  is  dependent  on  the  geometry  of 
the  pore  space  will  be  changed  by  the  disturbance  of  surface  mining. 
If  these  characteristics  are  to  be  defined  they  must  be  defined  in 
terms  of  the  porosity  that  will  exist  or  some  parameter  related  to 
the  porosity.   A  nomograph  (figure  7)  is  provided  to  assist  in  making 
estimates  of  porosity  and  related  functions.   This  nomograph  assumes 
a  two-phase  system  of  soil  particles  and  water.  Where  three  phases 
are  present  (soil,  air  and  water)  appropriate  corrections  or  adjust- 
ments should  be  made  to  the  data  or  estimates.   For  example,  when  the 
total  density  is  computed  from  the  moisture  content  of  a  saturated 
paste  it  is  usually  higher  than  the  measured  density  because  of  air 
bubbles  included  in  the  paste.   A  similar  source  of  error  is  involved 
in  computation  of  specific  gravity  of  soil  particles  from  shrinkage 
limit  and  shrinkage  ratio  (ASTM,  1958,  Designation  D  426-39, 
paragraph  10) . 

Void  ratios  are  used  to  control  compaction  of  soil  in  engineering 
structures.   The  nomograph  should  be  useful  in  conversions  between 
density  data,  porosities,  void  ratios,  and  saturated  moisture  contents. 
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Figure  7  . — Nomograph  for  conversion  between  bulk  densities, 
porosities,  saturated  moisture  contents  and  void  ratios. 
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This  nomograph  can  be  constructed  for  any  particle  density  or  it  can 
be  constructed  to  a  different  scale  for  more  accuracy. 

The  forces  involved  in  erosion  of  soils  are  extremely  complex  and 
variable.   Prediction  of  erosion  rates  from  laboratory  tests  of 
physical  properties  of  soils  has  not  been  successful.   It  is  possible, 
however,  to  define  relative  susceptibility  of  soils  to  a  given  set  of 
erosion  forces  by  controlled  tests  (McQueen,  1961).   For  significant 
results,  the  erosion  forces  and  the  condition  of  the  samples  prior  to 
and  during  the  tests  should  simulate  conditions  expected  in  the  field. 

Three  methods  for  determining  soil  erodibility  have  been  combined  in 
a  laboratory  test  for  defining  the  susceptibility  of  these  soils  to 
erosion  forces.   A  slaking  test  suggested  by  Winterkorn  (1973); 
rotating  cylinder  methods;  (described  by  Masch  et  al. ,  1965,  Akky,  and 
Shen  1973;  Arulanandan  et  al.,  1973)  and  an  erodibility  factor 
(described  by  Wischmeier  and  others  1958,  1959,  1965,  1969,  1971a, 
1971b  and  1973)  based  on  measurements  of  grain  size  and  other  physical 
and  chemical  properties.   This  test  constitutes  a  direct  determination 
of  the  inherent  erodibility  of  individual  soil  samples. 

These  data  can  be  averaged  and  combined  to  predict  the  erodibility  of 
the  disturbed  and  mixed  soils.   Actual  erosion  and  sediment  yield 
from  soils  will  depend  more  upon  the  water  available  to  transport  the 
sediments  than  upon  the  erodibility  (detachability)  of  the  soils. 
Sand  and  silt  particles  are  easily  detached.   Therefore,  sandy  soils 
test  as  highly  erodible.   However,  infiltration  may  be  high  enough  to 
absorb  all  but  extrene  high  intensity  storms  so  erosion  and  sediment 
production  on  sandy  soils  is  usually  low.   Clay  soils  do  not  test  as 
highly  erodible  but  runoff  is  usually  excessive  so  erosion  and  sedi- 
ment yield  are  high. 

Vegetation  diminishes  erosion  in  three  ways:   it  intercepts  raindrop 
impact;  it  impedes  overland  flow;  and  it  binds  soil  particles  together 
in  a  root  network.   The  decrease  in  raindrop  impact  is  proportional  to 
the  natural  cover  (table  15)  but  the  relationship  is  species  dependent. 
Impedence  of  overland  flow  is  influenced  by  topography  but  it  is  con- 
trolled by  species  of  plants.   Grasses  are  extremely  effective  but 
individual  trees  may  have  little  effect.   The  binding  effect  of  roots 
is  included  in  the  erodibility  test.   Disturbed  soils  may  require 
additional  protection  from  erosion  while  vegetation  is  being  reestab- 
lished.  Overland  flow  can  be  controlled  by  surface  treatments  such  as 
contour  furrowing.   Interception  of  raindrop  impact  can  be  provided 
by  mulches  placed  on  the  surface  and  the  binding  effect  of  roots  can 
be  simulated  by  incorporating  mulch  into  the  soil. 

A  laboratory  measurement  of  erosion  rates  under  controlled  conditions 
is  a  direct  determination  of  the  erodibility  of  a  soil.   In  this 
study  the  basic  principles  of  the  rotating  cylinder  device  and  the 
slaking  test  are  combined  to  define  the  susceptibility  of  soils  to  a 
controlled  erosion  force. 
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Sample  computations 

The  data  from  individual  samples  presented  in  this  report  can  be  com- 
bined and  averaged  in  various  ways  to  predict  how  the  soils  will 
perform  when  mixed  by  the  mining  procedure.   Data  from  sampling  site 
Number  9  are  used  here  as  an  example. 

The  2  or  B  horizon  of  a  soil  is  usually  the  prime  source  of  moisture 
and  nutrients  for  sustaining  plant  growth.   The  average  soil  moisture 
characteristic  for  this  horizon  at  site  9  is  illustrated  in  figure  8. 
Using  the  method  of  McQueen  and  Miller  (1974)  the  adsorbed  segment  of 
the  characteristic  is  drawn  between  the  pF  intercept  at  (0,  6.25)  and 
the  M  intercept  for  the  mean  AMC  (adsorbed  moisture  capacity)  at 
(0.112,  0).   The  mean  SMC  (saturation  moisture  capacity)  value  of  0.224 
is  plotted  at  pF  0.0  and  a  short  vertical  segment  is  drawn.   The 
capillary  segment  is  drawn  from  the  capillary  limit  (0,  2.9)  through 
the  field  capacity  value  on  the  adsorbed  segment  (0.0672,  2.5).   A 
short  transition  curve  may  be  drawn  between  the  capillary  segment  and 
the  SMC  line,  and  the  structured  water  segment  may  be  drawn  between 
the  oven-dry  intercept  at  (0,  7.0)  and  the  value  of  the  adsorbed  seg- 
ment at  pF  5.0  (0.0224,  5.0).   The  moisture  characteristic  for  the 
mixed  profile  of  site  9  is  drawn  by  using  the  average  AMC  and  SMC 
values  for  the  complete  profile,  which  are  AMC=0.267  and  SMC=0.439. 

The  change  in  moisture  content  (  M)  for  a  given  change  in  moisture 
stress  in  the  adsorbed  range  can  be  computed  from:  M=(AMC/6.25) (  pF) . 
For  example,  the  available  moisture  storage  is  usually  assumed  to  be 
the  change  in  moisture  content  between  field  capacity  (pF  2.5)  and 
permanent  wilting  (pF  4.2).   For  the  2  (B)  Horizon  of  site  9  this 
would  be  (0.112/2.65)  (4.2-2.5)=0.072  gm/cc=7.2  percent.  With  an 
average  bulk  density  of  1.63  the  available  storage  would  be 

(Pb)(\)=M=(1.63)  (0.072-0. 117  cc/cc.  These  available  moisture 
storage  values  for  all  horizons  and  profiles  sampled  are  presented  in 
table  17.  Moisture  represented  by  the  capillary  segment  of  the  char- 
acteristic may  be  utilized  if  plant  roots  reach  the  capillary  fringe 
or  if  trickle  irrigation  is  used. 

The  erodibility  of  this  soil,  as  indicated  by  the  EK  values  in 
table  17,  is  high  so  contour  furrowing  should  be  considered.   Infil- 
tration rates  as  indicated  by  the  IR  values  on  the  mixed  soil  will 
probably  exceed  2  centimetres  per  hour.   If  the  contour  furrows  will 
retain  4  centimetres  of  precipitation,  then  a  2-hour  storm  of 
4  centimetres  per  hour  intensity  could  be  retained.   This  8  cm  storm 
would  recharge  68  centimetres  of  soil  with  the  storage  capacity  of 
0.117  cc/cc,  which  the  2  Horizon  has,  (8.0/0.117=68)  or  71  centimetres 
of  the  mixed  profile  (8/0.0726) (1.55)=71) . 

The  volume  of  pores  within  a  soil  may  be  defined  in  terms  of  bulk 
density,  total  density,  porosity  or  void  ratio.   Three  void  ratios 
are  reported  for  each  sample.   FVR  (Field  Void  Ratio)  is  computed  from 
the  average  volume  weight  as:  Ps/pfi  (particle  density/volume  weight) -1 
(Krynine  1947,  p.  45).   The  average  volume-weight  of  the  2  Horizon  of 
site  9  is  1.63  then  the  void  ratio=(2. 65/1. 63)-l=0. 626.   If  this  soil 
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Figure  8 


.1  .2  .3  .4  .5  .6  .7 

M=  MOISTURE    CONTENT   —    GRAMS    PER     GRAM 


Figure  _8_.~ Moisture  characteristics  for  the  2  (B)  horizon  and  the  mixed 
profile  for  sampling  site  number  9  of  the  Otter  Creek  Coal  Field 
near  Ashland,  Montana. 
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is  saturated  and  not  restrained  so  that  it  is  free  to  swell,  its 
theoretical  maximum  void  ratio  (TVR)  would  be  the  saturated  moisture 
content  times  the  density  of  soil  particles  (0.224) (2. 65)=0.594 
(Krynine  1947,  p.  32).   These  void  ratios  are  similar  because  this  is 
a  low-swell  soil.   The  saturated  void  ratio  (SVR)  was  also  computed 
from  the  measured  density  of  the  saturated  paste,  as  0.838  but  because 
saturation  is  never  quite  complete  the  two  void  ratios  are  not  the 
same.   The  difference  is  a  measure  of  the  volume  of  air  bubbles  in 
the  saturated  paste.   Conversions  among  void  ratio,  bulk  density, 
total  density,  porosity,  saturated  moisture  content  by  weight  can  be 
made  using  the  nomograph  (figure  7) . 

Inferences 

On  the  basis  of  the  data  presented  in  table  17  some  inferences  and 
suggestions  are  made  for  the  use  of  the  surface  soils  for  reclamation 
of  the  area  if  it  is  mined. 

Soil  profiles  1  and  7  have  low  moisture  retention  capabilities  but 
infiltration  rates  are  high.   With  frequent  summer  showers  these  soils 
are  capable  of  sustaining  good  growths  of  grasses.   They  should  be 
protected  from  erosion  until  vegetation  is  established. 

Profiles  2  and  12  have  low  moisture  retention  capabilities  and  infil- 
tration rates  are  low.   Erodibilities  are  medium.   The  surface  of 
these  soils  should  be  contour  furrowed  to  retain  all  precipitation 
where  it  lands  for  use  in  establishing  new  vegetation.   Profile  3  is 
shallow,  with  only  60  centimetres  of  soil  overlying  a  coal  strata. 
Retention  capability  of  the  soil  is  low,  erodibility  is  high  and 
infiltration  rates  decrease  with  depth.   This  soil  is  moderately 
saline. 

Profiles  4  and  6  have  medium  moisture  retention  capabilities. 
Erodibilities  and  infiltration  rates  increase  with  depth  in  the  pro- 
file. Mixing  of  the  horizons  may  improve  the  soil  characteristics. 

Profiles  5  and  10  are  saline  soils  with  low  infiltration  rates  and 
moderate  erodibility  and  retention  capabilities.   These  soils  will 
require  surface  treatment  such  as  contour  furrowing  to  facilitate 
infiltration.   Revegetation  may  not  be  successful  without  supple- 
mentary irrigation  to  leach  the  salts.   However,  contour  furrowing 
without  irrigation  may  cause  sufficient  leaching  of  the  salts  as  has 
been  demonstrated  by  Branson,  Miller  and  McQueen  (1966). 

Profiles  8,  9,  and  11  have  low  salinity  at  the  surface  and  high 
salinity  in  the  deeper  horizons.   Infiltration  rates  and  erodibilities 
are  not  consistent.   These  soils  should  be  contour  furrowed  to  leach 
the  salts  downward  because  of  the  probably  high  salinity  of  a  mixed 
profile. 
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R.  45  E. 


Pine  savannah  -  prominent  asso- 
ciated species  include  blue- 
bunch  wheatgrass  and  little 
bluestem 


i]i]i]i]i|  Grassland  and  shrubland  -  has  i 
iliUilil    variety  of  dominant  species 
including  needle-and-thread, 
western  wheatgrass,  prairie 
sandreed,  and  blue  grama 


Breaks  -  steep  and  dissected 
lands  with  local  areas  dom- 
inated by  greasewood, 
buckwheat,  and  green  needle- 
grass 

Hay  meadows  -  lowland  irrigated 
areas  with  mixed  introduced 
and  native  species 


Crested  wheatgrass  - 
area  in  Section  2 


a  reseeded 


•  2 


Cultivated  land  -  a  small  dry- 
land crop  area  in  Section  21 

Locations  of  vegetation  and 
soil  sampling  sites 


Most  of  the  species  on  this  site 
are  widely  distributed  members  of  the 
grassland  formation  of  the  northern 
Great  Plains.   Exceptions  include  pond- 
erosa  pine,  which  varies  in  cover  from 
widely  scattered  trees  to  a  near-forest 
stand  of  30  percent,  and  greasewood, 
which  represents  an  extention  of  the 
salt-desert  shrub  type  characteristic 
of  extensive  areas  in  Utah  and  Nevada. 

The  ponderosa  pine  savannah  is 
found  on  relatively  coarse  soils  and  is 
most  abundant  on  steep,  north-facing 
slopes.   It  is  also  common  on  rela- 
tively unweathered  "scoria"  or 
porcellanite. 

Grasslands  and  shrublands  aie  most 
abundant  on  more  developed  soils  on 
gently  sloping  uplands  and  on  flood 
plains.   Although  grasses  occupy  most 
of  the  flood  plains,  woody  species  such 
as  Cottonwood,  ash,  box  elder,  choke- 
cherry  and  silver  sagebrush  are 
abundant  adjacent  to  permanent  and  some 
intermittent  streams. 
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Vegetation  of  the  Otter  Creek  Coal  Field  Study  Site, 
Powder  River  County,  Montana,  1974 


PLATE    39 
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VEGETATION         TYPES 

1.  Needle  and  thread  -  Falseterragon  -  Blue    grama 

2.  Ponderosa     pine  -  Little    bluestem 

3.  Wild    -buckwheat 

4.  Big      sagebrush  -  Green      needlegrass 

5.  Greasewood 

6.  Western     wheatgrass  —  Blue     grama 


7.  Silver  sage  -  Western    wheatgrass -Needle    and    thread 

8.  Big    sage  -  Bluebunch    wheatgrass  —  Blue    grama 

9.  Prairie      sandreed 

10.  Blue    grama-  Big     sagebrush 

11.  Blue    grama  -  Western    wheatgrass 

12.  Ponderosa      pine  -    Bluebunch      wheatgrass 


MOISTURE 


.2  .3  .4  .5 

CONTENT  -   GRAMS    PER    GRAM 


Locations   of    vegetation    and    soil-sampling    sites, 
numbered    on  photos    and   curves,     are    shown 
on    the     vegetation     map        (Plate      38). 

Soil    Moisture    Characteristics     for    Sampling     Sites 
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SEDIMENT  YIELDS 

The  sediment  yield  estimates  presented  in  this  section  for  the  Otter 
Creek  Coalfield  study  site  were  derived  using  a  qualitative  rating 
method.   The  estimates  for  some  of  the  lower-yielding  upland  areas 
were  verified  by  measurement  of  sediment  deposition  in  four  stock 
ponds.   The  sediment  yields  of  the  higher  yielding  areas  are  un- 
verified, but  are  thought  to  be  reasonably  accurate. 

Methods 

The  method  used  to  obtain  the  source-area  sediment  yield  estimates 
shown  on  plate   was  the  (PSIAC)  Pacific  Southwest  Interagency 
Committee  (1968)  method  which  entails  the  rating  of  nine  factors: 
surface  geology,  soils,  climate,  runoff,  topography,  ground  cover, 
land  use,  upland  erosion,  and  channel  erosion  and  sediment  transport. 
While  the  method  was  developed  to  make  broad  sediment  yield  classi- 
fications for  large  areas,  such  as  river  sub-basins,  Shown  (1970) 
found  that  the  method  provides  reasonable  estimates  for  drainage  areas 
as  small  as  one-tenth  of  a  square  mile. 

Source-area  sediment  yield  estimates  were  actually  made  on  10  rela- 
tively homogeneous  small  watershed  areas  within  the  area  shown  in 
plate  40.  Aerial  photographs  (1:15,000  scale)  were  then  used  to 
extend  the  estimates  to  the  whole  mapped  area.   Systematic  interpre- 
tation of  the  photographs  included  consideration  of  (1)  vegetation 
type  (2)  density  of  the  vegetation,  (3)  landform  type,  (4)  steepness 
and  length  of  the  slopes  and  (5)  drainage  density.   Categories  2,  4, 
and  5  were  rated  on  a  relative  basis  within  the  mapped  area  on  a 
scale  ranging  from  0  to  3,  which  corresponds  to  none,  low,  medium 
and  high. 

The  basin  sediment  yields  for  drainage  basins  B,  C,  D,  and  F 
(plate  40) ,  were  computed  by  multiplying  the  area-weighted  source- 
area  sediment  yield  for  each  basin  by  a  sediment  delivery  ratio.   The 
sediment  delivery  ratio  is  the  fraction  of  source-area  sediment  that 
is  delivered  at  some  downstream  point  in  an  integrated  drainage  net- 
work.  A  rating  scheme  developed  by  Frickel,  Shown  and  Patton  (1975), 
which  utilizes  point  observations  in  the  field  and  interpretation  of 
aerial  photographs,  was  used  to  obtain  the  sediment  delivery  ratios. 
The  scheme  considers  the  effects  on  sediment  delivery  by  perennial 
and  ephemeral  streams,  of  various  conditions  such  as  (1)  channel  width 
and  gradient,  (2)  whether  the  channel  is  gullied  or  just  a  broad, 
grassy  drainageway,  (3)  the  size  of  the  bed  material  and  vegetative 
cover  on  the  bed,  (4)  intermittent  gullies  in  the  channel  system  and 
(5)  evidence  of  deposition  in  the  channels  and  the  occurrence  of 
alluvial  fans  and  deposition  on  bottomlands  where  flows  spread  either 
naturally  or  because  of  man-made  impoundments  or  diversions  of  water. 

Sediment  deposition  was  measured  in  four  stock  ponds  on  and  near  the 
site  (see  plate  40  for  locations) .   The  ages  of  these  ponds  were  ob- 
tained from  local  ranchers,  and  it  was  ascertained  that  these  ponds 
usually  did  not  spill  excessively.   Three  of  the  ponds  were  dry  in 


149 


August  1974  at  which  time  the  thickness  of  sediment  in  them  was 
determined  by  boring  with  a  hand  auger  at  several  locations  in  each 
pond.   The  base  of  the  sediment  was  picked  where  the  texture  of  the 
material  changed  from  grayish  silty  clay  loam  to  a  yellowish  sandy 
clay  containing  sandstone  and  clinker  fragments.   The  latter  material 
was  usually  similar  to  the  soils  of  the  adjacent  terraces  and  was 
assumed  to  be  the  material  on  the  original  bottoms  of  the  ponds.   One 
pond  had  water  in  it  so  the  sediment  was  probed  with  a  1/2-inch  rod 
while  wading.   The  depth  at  which  the  resistance  to  probing  increased 
markedly  was  taken  as  the  base  of  the  sediment  deposit.   The  depth  of 
water  was  determined  by  sounding.   The  probe  method  was  checked  near 
the  upper  end  of  the  pond  by  augering  and  probing  adjacent  spots. 

Amounts  of  bare  soil  were  obtained  while  making  vegetation  measure- 
ments along  50-foot  transects  at  selected  sites  on  the  study  area. 
The  measurements  were  extrapolated  to  other  parts  of  the  study  area 
using  aerial  photographs. 

Slope  gradient  categories  were  delineated  on  1:24,000  scale  topographic 
maps,  and  several  measurements  of  gradient  were  made  in  each  slope 
category. 

Channel  cross-sections  monumented  with  steel  pins  at  the  ends  were 
installed  and  surveyed  at  locations  A,  C,  D,  and  E  shown  on  plate  40. 
If  upstream  areas  are  mined  in  the  future,  these  cross-sections  could 
be  resurveyed  periodically  to  determine  the  effect  of  mining  and 
rehabilitation  on  channel  erosion  or  deposition. 

Results 

Source-area  sediment  yields 

Source-area  sediment  yields  are  generally  low  for  much  of  the  study 
area  as  is  shown  on  plate  40.   There  are  several  reasons  why  this  is 
true:   (1)  amounts  of  bare  soil  are  low  because  of  the  excellent  cover 
of  vegetation  and  mulch,  and  some  rocks  in  the  0-.2,  .1-.3  and 
.2-. 4  acre-feet  per  square  mile  categories;   (2)  the  soils  on  the 
uplands  in  these  sediment  yield  categories  are  coarse-textured  and 
rather  permeable  owing  to  their  sandstone  and  clinker  parent  materials; 
and  (3)  the  topography  is  flat  to  gently  sloping  for  most  of  this  area 
of  low  sediment  production. 

Above  about  0.4  acre-feet  per  square  mile  the  sediment  yields  increase 
as  the  amount  of  bare  soil  increases,  with  apparently  a  smaller  effect 
due  to  increased  slope  gradients  (see  explanation  table  on  plate  40) . 
The  drainage  density  increases  markedly  for  the  areas  yielding  more 
than  about  0.4  acre-feet  per  square  mile.   That  is  indicative  of  in- 
creased runoff  and  erosion  owing  to  finer-textured  soils  because  of 
more  shale  influence  than  in  the  lower  sediment  yielding  areas. 

Basin  sediment  yields 

The  sediment  yields  for  the  basins  that  had  stock  ponds  at  their  out- 
lets are  shown  in  table  18. 
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Table  18.  — Sediment  yields  obtained  by  surveying  stock  ponds 
on  the  Otter  Creek  Coal  Field  Study  Site 


Pond    Age 

(years) 


Drainage 
area 
(mi2) 


Annual 
sediment 
yield 
(acre-ft/mi2) 


Average 
watershed 

slope 
(percent) 


Estimated 

bare    Drainage 
soil2-/   density^/ 

(percent)  (mi/mi2) 


PI      14 
P2  about  40 
P 31/ about  40 
P4      13 


21 
79 
23 
45 


.33 
.21 
.20 
.36 


12 
11 
13 
12 


5 
11 

3 
17 


6.4 

7.9 

3.1 

13.6 


1/  Located  about  one-half  mile  east  of  study  site  in  SE-1/4  sec.  25, 
T.  3  S.,  R.  45  E. 

2/  Based  on  measurements  of  bare  soil  on  the  study  site  that  were  extrap- 
olated to  these  basins  using  aerial  photographs. 

3/  The  density  in  miles  per  square  mile  of  drainage  area  of  channels 
larger  than  third  order  as  discernible  on  1:15,000  scale  aerial 
photographs. 

The  values  are  probably  indicative  of  accurate  values  for  the  sediment 
yield,  but  they  should  not  be  considered  absolute  because  the  spudding 
method  used  to  obtain  the  values  is  not  error  free.   There  are  no  marked 
differences  among  the  sediment  yields  of  the  four  basins;  however,  as 
shown  in  table  18  the  yields  to  ponds  1,  3,  and  4  relate  to  the  amount 
of  bare  soil  and  drainage  density.   Basin  2  has  about  the  same  sediment 
yield  as  basin  3  and  a  smaller  yield  than  basin  1  even  though  the 
amount  of  bare  soil  and  drainage  density  are  the  largest  for  the  three 
basins.   This  may  be  caused  by  the  larger  drainage  area  for  basin  2 
which  presents  more  opportunity  for  sediment  to  be  deposited  on  bottom- 
lands and  in  channels,  thus  resulting  in  a  lower  sediment  delivery 
ratio.   Hadley  and  Schumm  (1961)  demonstrated  in  the  Cheyenne  basin 
of  Wyoming  that  sediment  yields  per  unit  of  area  decrease  markedly  for 
drainage  areas  between  0.03  and  1.5  square  mile. 

Estimated  basin  sediment  yields  for  four  additional  drainage  basins 
and  the  channel  characteristics  at  their  arbitrarily  chosen  outlets 
are  shown  in  table  19. 

There  are  many  indications  that  the  present  rate  of  channel  erosion 
on  the  study  area  is  very  small.  Most  of  the  tributary  channels  on 
the  study  site  have  vegetated  beds  and  banks  as  only  a  few  channels 
are  designated  as  raw  and  gullied  (see  plate  40) .  There  are  some 
low  headcuts  present  in  some  channels  but  their  advance  appears  to  be 
slow.  In  certain  reaches  of  Home  and  Threemile  Creeks  on  the  study 
area  the  channel  beds  are  unvegetated  but  the  only  minor  erosion  is 
occurring  at  the  occasional  cutbanks  and  low  headcuts. 

Many  of  the  channels  on  the  site  appear  to  be  slowly  filling  up  with 
sediment.  A  chief  indication  of  this  is  the  fact  that  the  size  of  the 
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Table   19 
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sediment  particles  on  most  channel  beds  is  the  same  size  as  the 
particles  that  makeup  the  alluvium  in  the  channel  banks.   It  could 
be  argued  that  the  bed  material  results  from  bank  erosion,  which  may 
be  true,  in  part.   However,  in  channels  that  are  either  degrading  or 
stable  the  bed  material  is  usually  coarser  than  the  bank  material. 
Another  indication  of  channel  filling  was  observed  in  vegetated 
reaches  along  both  Home  and  Threemile  Creeks  and  some  tributaries 
where  the  bases  of  trees  in  or  near  the  channel  bed  were  buried  with 
up  to  2  feet  of  stable  sediment. 

At  the  present  time  it  appears  that  much  of  the  sediment  load  of  many 
of  the  main  tributaries  does  not  reach  Home  or  Threemile  Creeks.   In 
some  places,  particularly  along  Home  Creek,  the  water  is  diverted 
onto  the  bottomland  terraces  to  irrigate  hayland  and  cropland  where 
most  of  the  sediment  load  probably  is  deposited.   In  other  places,  the 
flows  in  untrenched  channels  spread  naturally  across  the  well-vegetated 
bottomlands  and  much  sediment  is  dropped  from  these  shallow  flows. 

Effects  of  mining 

The  large  estimates  for  sediment  yields  from  ungraded  and  graded  but 
barren  overburden  areas  shown  in  table  20  emphasize  the  necessity 


Table  20.  — Estimates  made  with  the  PSIAC  method  of  annual 


sediment  yield  from  presumed  dj 

.sturbed  overburden  areas 

before,  during,  and  after  reclamation  for 

the 

Otter  Creek  Coalfield 

Study  Site 

Overburden 

Ungraded     Graded 

Overburden 

after  the  soils 

overburden  overburdeni' 

during 

and  perennial 

banks 

reclamation 

vegetation  have 
stabilized-^ 

period?.' 

Average  slope  75-100     10-12 

10-12 

10-12 

(percent) 

Estimated    90 (rock, 10)  90(rock,10) 

40-50 

5-10 

bare  soil 

(percent) 

Estimated     3-5        .5-1.5 

.2-. 61/ 

.1-.3 

annual  sed- 

iment yield 

(acre-ft/ 

■±2) 

1/  Assumed  that  the  graded  overburden  would  be  covered  with  available 
soil.   For  areas  where  soil  will  not  be  available,  it  was  assumed 
that  the  overburden  would  be  contour  furrowed  or  pitted  to  increase 
soil  moisture  and  reduce  erosion. 

2/  Assumed  that  adapted  native  species  would  be  seeded  along  with  a 
temporary  cover  crop  and  that  no  irrigation  water  would  be  applied. 
It  was  further  assumed  that  the  area  would  not  be  grazed  during  this 
5-  to  10-year  reclamation  period. 
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3/  This  range  of  values  indicates  changes  over  time  during  the  period  as 
well  as  differences  over  the  area  because  of  different  gradients 
and  lengths  of  slopes  and  amounts  of  cover. 

4/  Assumed  that  the  area  would  be  moderately  grazed  at  that  time. 

for  establishing  vegetative  cover  on  them  as  soon  as  possible  if  the 
study  area  is  mined.   Sediment  yields  from  the  overburden  areas  during 
the  reclamation  period,  when  the  permanent  vegetation  and  soil 
structure  is  becoming  established,  will  be  greater  than  the  present 
rates  from  those  areas  shown  on  plate  40  yielding  less  than  0.4  acre- 
feet  per  square  mile.   For  instance,  the  indicated  average  sediment 
yield  near  the  beginning  of  the  reclamation  period  would  be,  at  least, 
0.4  acre-feet  per  square  mile  which  is  a  larger  rate  than  estimated 
for  present  (1974)  conditions  on  much  of  the  upland  area  of  the  study 
site  (see  plate  40) . 

Even  during  the  reclamation  period,  and  most  certainly  thereafter,  the 
estimated  sediment  yields  from  the  overburden  areas  are  less  than  for 
those  areas  presently  yielding  more  than  0.6  acre-feet  per  square 
mile.   This  should  occur  because  slopes  will  be  less  steep,  and  most 
likely,  the  vegetative  cover  will  be  much  denser  because  the  weathered 
shales  that  now  exist  in  some  places  can  likely  be  modified  with  some 
clinker  fragments  or  sandy  material  and  topped  with  a  thin  layer  of 
alluvium  from  the  tributary  valleys.   Also,  mechanical  treatments 
such  as  contour  furrowing  (Branson,  Miller  and  McQueen,  1966)  or 
gouger  pitting  (Sindelar,  Hodder  and  Majerus,  1973)  would  increase 
soil  moisture  and  reduce  runoff  and  erosion. 

Some  means  will  be  necessary  to  control  the  sediment  from  the  over- 
burden areas  during  mining  and  reclamation.   This  could  be  accomplished 
by  reservoirs  immediately  downstream  from  the  mined  area,  and  from 
which  the  water  would  be  discharged  in  nonerosive  quantities.   The 
reservoirs  may  need  to  be  cleaned  out  periodically  to  maintain  storage 
capacity  and  it  may  be  desirable,  for  a  number  of  reasons,  to  destroy 
the  dam  and  spread  the  dam  material  and  sediment  at  the  end  of  the 
rehabilitation  period. 

Increased  sediment  yields  may  occur  from  the  area  downstream  from  a 
mine  if  water  from  the  mine  or  a  reservoir  is  discharged  more-or-less 
continuously  into  channels  that  were  formerly  dry  most  of  the  time. 
These  discharges  probably  would  be  small  and  thus  nonerosive,  however 
they  would  saturate  the  bed  and  banks  of  the  channels.   Then  during  a 
natural  flood  event  severe  erosion  could  occur,  particularly  in 
presently  ungullied  channels,  because  saturated  alluvium  is  much  more 
erodible  than  dry  alluvium.   A  possible  solution  would  be  to  pipe  the 
water  down  to  Otter  Creek  which  is  the  surface  and  ground  waters' 
ultimate  destination  with  or  without  mining. 

If  the  area  is  mined,  sediment  yield  would  be  minimized  if  the  recon- 
structed terrain  includes  rather  wide  valleys.   Then,  if  the  valleys 
trench,  hillslopes  would  be  intercepted  only  at  places  where  the  stream 
meanders  to  the  valley  sides.   Thus  hillslope  areas  from  which  mater- 
ial might  slough,  creep  or  slump  into  the  channels  would  be  minimized. 
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PLATE  40 
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ON  THE  OTTER  CREEK  COAL  FIELD  STUDY  SITE 


EXPLANATION 


Annual 

source-area 

sediment 

yield 

(acre-ft/mi2) 


Topography 


Relative 
drainage 
density 


Slope 

gradients 

(percent) 

range   mean 


Bare 

soil 

(percent) 


m 


0-.2 

.1-.3 
.2-.  4 
.4-. 6 
.6-. 8 
.8-1.2 


a)  bottomlands  low 

b)  gentle  hill-  very  low 

slopes 

c)  tablelands  very  low 

hillslopes  (pine  low 
savannah) 


hillslopes 
hillslopes 
hillslopes 
hillslopes 


0-1 
6-9 

2-8 

9-33 

18-25 


tow  to 
moderate 
moderate   14-53 


high 

high 
(rill 
density) 


12-33 
15 


4 
22 
21 
20 
20 
15 


0-2.5 
0-2.5 

0-2.5 
1.0-19.8 

0-25.5 

2.5-66.2 

11-66.2 

50E-66.2 
^esti- 
mated) 


Surficial 
geology 


alluvium 
clinker 

sandstone  and 
clinker 

clinker  and 
sandstone 

clinker,  sand- 
stone, shale 

sandstone  and 
shale 

sandstone  and 
shale 

shale 


.   Locations  of  arbitrarily  chosen  outlets  of  basins  for  which  sediment  yield  estimates 
were  made. 

•  PI   Locations  of  stock  ponds  that  were  surveyed  to  obtain  basin  sediment  yields. 

— — ~  Raw  gullied  channels 

■  -^   Intermittently  gullied  channel 


T. 
3 
S. 

T. 

4 

S. 


Base  from  U.S.  Geological  Survey 
Willow  Crossing  7%-minute  quadrangle 


1000 0 


1000       2000    FEET 


159 


HYDROLOGIC  STUDY 


Introduction 

Data  on  the  subsurface  and  surface  waters  in  the  Otter  Creek  Study 
Area  were  collected  during  the  winter  of  1974  and  spring  of  1975. 
These  data,  both  quantative  and  qualitative,  were  collected  from 
existing  wells  in  the  area,  holes  bored  for  overburden  analysis  in 
the  study  area  in  1974,  and  streamflow  records  collected  since 
October  1972. 

Adequate  reclamation  of  the  Otter  Creek  Study  Site  subsequent  to 
strip  mining  would  be  possible  without  irrigation  of  the  spoils. 
Recently  developed  techniques  of  top  soiling,  mulching,  and  surface 
manipulation  can  limit  surface  runoff  and  maximize  utilization  of 
precipitation  (Sindelar  and  others,  1973).  Adequate  description  of 
surface  and  groundwater  necessitates  some  discussion  of  the  potential 
use  of  water  for  irrigation.   Therefore,  some  of  the  following  dis- 
cussions relate  chemical  quality  to  irrigation. 

The  ground  and  surface-water  supplies  at  the  study  site  are  small. 
The  quality  of  the  streamflow  and  groundwater  may  not  be  suitable  for 
irrigation  unless  special  precautions  are  taken.   Should  supplemental 
water  be  required,  additional  studies  should  be  made  of  plant-soil-water 
relationships  on  reconstructed  surface  material.   The  water  pumped 
from  wells  in  the  area  is  used  for  domestic  and  stock  purposes. 
Although,  most  samples  tested  exceeded  the  recommended  chemical  stand- 
ards set  forth  by  the  U.S.  Public  Health  Service  for  drinking  water 
used  on  interstate  carriers. 

Streams 

Data  to  describe  the  quantity  and  quality  of  stream  flow  near  the 
Otter  Creek  coalfield  has  been  collected  since  October  1972.   Although 
long-term  records  are  not  available,  data  from  recently  installed 
gaging  and  sampling  stations  indicate  that  except  for  spring  runoff, 
surface  water  is  small  in  quantity  and  of  poor  chemical  quality. 

Quantity 

Otter  Creek,  about  1  mile  west  of  the  Otter  Creek  field,  is  the  only 
perennial  stream  in  the  vicinity.   Daily  discharges  of  Otter  Creek  at 
Ashland  are  presented  on  table  21.   The  gaging  station  is  six  miles 
downstream  (north)  from  the  coal  field.   The  mean  annual  flood  for 
Otter  Creek  at  Ashland  estimated  from  its  drainage  area  using  the 
procedure  outlined  by  Patterson  (1966)  is  2,100  cfs  (cubic  feet  per 
second).   The  discharge  of  the  25-year  flood  is  about  9,000  cfs. 

Home  and  Threemile  Creeks,  both  intermittant  tributaries  to  Otter 
Creek,  are  the  north  and  south  boundaries  of  the  coalfield,  respec- 
tively.  The  intermittant  East  Fork  of  Otter  Creek  is  the  only  stream 
to  join  the  main  stem  of  Otter  Creek  between  Home  Creek  and  Otter  Creek 
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at  the  Ashland  gaging  station.   To  date,  no  gages  have  been  placed  on 
these  tributaries,  which  flow  only  during  spring  runoff  and  in  response 
to  heavy  rainfall.   Home  Creek  and  Threemile  Creeks  have  about  the 
same  size  drainage  areas,  58.8  and  51.5  square  miles,  respectively, 
and  should  have  generally  the  same  flow  characteristics.   During  a 
period  of  snowmelt  on  January  20,  1975,  Threemile  Creek  was  discharg- 
ing 1.8  cfs;  on  March  19,  1975,  about  20  cfs  (table  22  and  23). 

Floods  with  a  two-year  return  interval  were  estimated  for  Home  and 
Threemile  Creeks  from  their  respective  channel  geometries  using 
relationships  developed  from  measured  streams  in  the  region.   The 
two-year  flood  on  Home  Creek  is  about  45.1  cfs;  the  two-year  flood 
for  Threemile  Creek  is  14.2  cfs.   The  discharge  of  the  25-year  flood 
is  estimated  to  be  671  and  235  cfs  for  Home  and  Threemile  Creeks, 
respectively. 

Ground  Water 

The  Otter  Creek  coalfield  is  underlain  by  water-bearing  zones  of  two 
distinct  characters:   (1)  an  unconfined  or  water-table  aquifer;  and 
(2)  a  series  of  confined  deep  aquifers.   The  unconfined  aquifer  is 
composed  of  lenticular,  semiconsolidated  to  well-indurated  clay,  silt, 
sand,  and  coal  in  the  Tongue  River  Member  of  the  Fort  Union  Formation; 
clay,  silt,  and  sand  in  the  alluvium;  and  baked  rocks  in  the  clinker. 
The  saturated  thickness  may  be  as  much  as  420  feet  at  the  eastern  edge 
of  the  field.   The  Knoblock  coal  is  the  most  continuous  bed  in  the 
water-table  aquifer.   The  water-table  aquifer  is  separated  from  the 
confined  aquifers  by  150-160  feet  of  soft  clay  shale,  the  Lebo  Shale 
Member  of  the  Fort  Union  Formation  (Bass,  1932).  The  confined  deep 
aquifers  for  which  a  modicum  of  information  is  available  are  the 
Tullock  Member  of  the  Fort  Union  Formation,  the  Hell  Creek  aquifer, 
basal  Hell  Creek-Fox  Hills  aquifer,  Judith  River  Formation,  Eagle 
Sandstone,  Muddy  Sandstone  Member  of  the  Thermopolis  Shale,  and  the 
Madison  Group. 

System  for  Describing  Geographic  Locations 

All  well  and  chemical  sampling  locations  in  this  report  are  specified 
by  U.S.  Bureau  of  Reclamation  drill  hole  numbers  for  U.S.B.R.  holes  and 
location  codes  derived  from  the  General  Land  Office  system  of  land  sub- 
division.  The  codes  may  consist  of  as  many  as  12  characters.   The 
first  two  characters  specify  the  township;  the  next  three,  the  range. 
The  next  two  characters  specify  the  section  number  within  the  town- 
ship.  The  next  four  letters  specify  the  location  within  the  quarter 
section  (160-acre  tract),  the  quarter-quarter  section  (40-acre  tract), 
the  quarter-quarter-quarter  section  (10-acre  tract) ,  and  the  quarter- 
quarter-quarter-quarter  section  (2-1/2-acre  tract) .   Subdivisions  of 
a  section  are  designated  A,  B,  C,  and  D  in  a  counterclockwise  direction, 
beginning  in  the  northeast  quadrant.   If  there  is  more  than  one  feature 
in  a  2-1/2-acre  tract,  consecutive  digits  beginning  with  2  are  added 
to  the  location  number.   For  example,  a  well  numbered  3S45E27ACBC 
would  be  a  well  inventoried  in  the  SW  1/4  of  the  NW  1/4  of  the  SW  1/4 
of  the  NE  1/4  of  section  27,  Township  3  South,  Range  45  East  (figure  9). 
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Figure  9 


Location 
3S45E27ACBC 


Figure   9.    — System  for   identifying  well  locations 
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Location  codes  for  the  Bureau  of  Reclamation  core  holes  and  the 
Geological  Survey  observation  hole  are  given  on  table  24. 

The  unconfined  water  table  generally  reflects  the  topography 
(plate  41) .   The  water  table  slopes  toward  Otter  Creek  at  gradients 
ranging  from  about  25  feet  per  mile  to  50  feet  per  mile.   The  water 
table  also  slopes  northwest  and  southwest  toward  Home  and  Threemile 
Creeks,  respectively.   Depth  to  the  water  measured  in  water  wells  and 
test  holes  ranges  from  a  maximum  of  230  feet  along  the  drainage  divide 
to  38  feet  along  Home  Creek  and  43  feet  along  Threemile  Creek 
(plate  42) .  Water  is  usually  available  from  the  alluvium  at  a 
shallow  depth  below  stream  bottoms.   As  shown  in  plates  6  and  7, 
"Geologic  sections  X  -  Y  and  X  -  Z"  and  plate  42,  the  water  table 
generally  lies  below  the  top  of  the  Knoblock  coal  along  the  north  and 
the  west  sides  of  the  field.   As  much  as  32  feet  of  coal  lies  above 
the  saturated  zone  at  DH  74-101.   The  Knoblock  coal  dips  about  25  feet 
per  mile  to  the  east  and  the  water  table  is  65  feet  above  the  top  of 
the  coal  at  observation  hole  DH  75-108  in  the  east-central  part  of  the 
area. 

Drawdown  and  recovery  tests  were  performed  on  some  of  the  test  holes 
and  in  the  Knoblock.   Sustained  discharges  from  some  of  these  wells 
averaged  5.3  gallons  per  minute.   The  specific  capacity  averaged  0.10 
gallon  per  minute  per  foot  of  drawdown.   Other  wells  could  not  sustain 
discharges  greater  than  2  gallons  per  minute.   Transmissivities  were 
generally  less  than  200  gallons  per  day  per  foot  (135  square  feet  per 
day). 

Some  carbonaceous  shale  and  clayey  siltstone  recovered  in  the  coring 
of  the  holes  were  analyzed  for  vertical  permeability.   Hydraulic 
conductivities  obtained  from  analyses  of  the  fines  immediately  above 
and  below  the  coal  in  DH  74-105  are  1.2  x  10_1  and  1.7  x  10~5  gallons 
per  day  per  square  foot  (1.6  x  10-2  and  2.2  x  10   feet  per  day), 
respectively.   The  fine-grained  sedimentary  rocks  are  isolated  pods 
and  thin-bedded  units  in  coarser  material.   Thin-bedded  units  generally 
are  found  directly  above  and  below  the  coalbeds.   Semi-confinement 
will  result  from  pumping  water  from  the  coal. 

The  direction  of  unconfined  ground-water  flow  generally  is  toward 
Otter,  Home,  and  Threemile  Creeks.   The  arrows  in  plate  41  also  show 
that  flow  is  toward  the  contact  between  the  clinker  and  coal. 

Based  on  a  transmissivity  of  about  200  gallons  per  day  per  foot,  the 
average  velocity  of  ground-water  flow  through  the  unconfined  aquifer 
is  estimated  to  be  0.03  feet  per  day  using  a  form  of  Darcy's  Law. 

This  form  of  Darcy's  Law  assumes  average  conditions  and  is  not  valid 
for  predicting  the  velocities  of  contaminants  passing  through  the  same 
material,  because  contaminants  may  travel  along  preferential  pathways 
not  typified  by  average  conditions. 

A  series  of  confined  aquifers  directly  underlie  the  Lebo  Shale  Member 
of  the  Fort  Union  Formation.  Water  from  the  Tullock  Member  of  the 
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Table  24. — Geographic  locations    of   test    holes   drilled   by    the    U.S. 
Bureau   of    Reclamation   at    the    Otter    Creek   coal    field.    See 
Plate   5   for  USBR  Drill  Hole  Locations. 

U.    S.    B.    R.  GEOGRAPHIC 

DRILL    HOLE  LOCATION 

NUMBER  CODE 

DH    7^-101  3S45E3^CACD 

DH   74-102  3S45E26DBCB 

DH    74-103  •         3S45E34AACD 

DH    74-104  3S45E26ADAC 

DH   74-105  3S45E34DDDA 

DH    74-106  4S45E02BDDD 

DH   74-107  4S45E02DADC 

DH   75-108  3S45E35DABA 
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Fort  Union  Formation  flows  from  wells  along  Otter  Creek.   Flow  rates 
of  as  much  as  20  gallons  per  minute  have  been  reported.   Because  the 
wells  flow,  the  potentiometric  surface  in  the  Tullock  appear  to  be 
higher  than  in  the  water-table  aquifer.   Leakage  of  water  from  the 
Tullock  upward  to  the  Tongue  River  is  small  because  of  the  relatively 
small  difference  in  head  and  the  150-160  feet  thick  Lebo  confining 
bed.   The  potentiometric  surface  in  the  Hell  Creek  Formation  is  about 
coincident  with  that  of  the  Tullock.   The  Hell  Creek  is  about  900  feet 
below  land  surface. 

The  potentiometric  surface  of  the  basal  Hell  Creek-Fox  Hills  aquifer 
is  not  defined  because  no  wells  tap  the  aquifer  near  the  coal  field. 
The  basal  Hell  Creek-Fox  Hills  is  an  important  aquifer  to  the  north 
and  east.   In  the  Otter  Creek  coalfield,  the  top  of  the  basal  Hell 
Creek-Fox  Hills  aquifer  lies  about  1,600  feet  below  land  surface. 
Aquifer  thickness  may  be  as  much  as  300  feet.  Water  would  be  expected 
to  flow  from  wells  tapping  the  basal  Hell  Creek-Fox  Hills  aquifer. 

Water  from  the  Judith  River  Formation,  the  Eagle  Sandstone,  and  the 
Muddy  Sandstone  Members  of  the  Thermopolis  Shale  probably  would  flow 
at  land  surface.   The  Judith  River  lies  about  3,000  below  land  sur- 
face; the  Eagle  lies  about  3,600  below  land  surface.   The  Muddy  lies 
about  6,500  feet  below  land  surface. 

Water  from  the  Madison  Group  may  be  available  to  the  coalfield.   The 
top  of  the  aquifer  is  at  an  altitude  of  about  8,000  feet  below  land 
surface  and  the  Madison  is  about  900  feet  thick.   The  potentiometric 
surface,  which  dips  gently  to  the  northeast,  is  estimated  to  be  about 
300  feet  above  land  surface.   The  Madison  yields  water  primarily  from 
fractures  or  solution  openings  and  the  number  of  these  openings" pene- 
trated by  a  well  determine  the  yield  of  the  well.   Transmissivities 
determined  from  drill-stem  tests  in  several  locations  within  the 
Powder  River  Basin  ranged  from  33.7  to  194,000  gallons  per  day  per 
square  foot  (4.5  to  26,000  square  feet  per  day)  (Swenson,  1974). 

Chemical  Quality 

The  terms  used  to  describe  the  general  chemical  character  of  surface 
and  ground  water  follow  the  usage  of  Piper,  Garrett,  and  others 
(1953,  p.  26,  footnote):   (1)   Calcium  bicarbonate  designates  water 
in  which  calcium  amounts  to  50  percent  or  more  of  the  cations,  and 
bicarbonate  amounts  to  50  percent  or  more  of  the  anions,  in  chemical 
equivalents;  (2)   sodium  calcium  bicarbonate  designates  water  in  which 
sodium  and  calcium  are  first  and  second  in  order  of  abundance  of 
cations,  respectively,  but  neither  amounts  to  50  percent  or  more  of 
the  total  cations;  and  (3)   sodium  sulfate  bicarbonate  designates 
water  in  which  sulfate  and  bicarbonate  are  first  and  second  in  order 
of  abundance  of  the  anions,  respectively,  but  neither  amounts  to 
50  percent  or  more  of  the  total  anions. 

Chemical  monitoring  of  Otter  Creek  at  Ashland  gaging  station  was  begun 
October  10,  1974.  In  addition,  Otter  Creek  was  sampled  three  times  at 
the  Otter  Creek  Road  bridge  crossing  (4S45E04BA) .  The  major  cations, 
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anions,  and  dissolved  solids  from  these  analyses  are  listed  in  table 
22.   Excluding  the  analyses  of  water  collected  on  January  22,  1975  and 
March  6,  1975,  because  they  represent  runoff  due  to  snowmelt  over 
frozen  ground,  the  mean  dissolved  solids  for  the  eight  analyses  is 
2,250  mg/1  (milligrams  per  litre).   The  water  for  the  individual 
samples  was  chemically  similar;  either  sodium  sulfate  or  sodium  mag- 
nesium sulfate  in  type.   Chemical  and  spectographic  analyses  of  samples 
from  Otter  Creek  at  Ashland  and  Threemile  Creek  near  Ashland  are  pre- 
sented on  table  23. 

Conductivity  and  the  sodium  adsorption  ratio  have  been  used  by  the 
U.S.  Salinity  Laboratory  Staff  (1954,  p.  79-81),  to  classify  water 
for  irrigation.   Conductivity  (micromhos  per  centimetre)  is  a  means  of 
estimating  the  total  concentration  of  soluble  salts  in  water  (salinity 
hazard).  Water  having  moderate  to  high  salt  content  (750  to  2,250 
micromhos  per  centimetre) ,  may  cause  accumulation  of  salts  within 
soil  creating  a  saline  condition.   The  sodium  adsorption  ratio  is 
based  mainly  on  the  effect  of  exchangeable  sodium  on  the  physical 
condition  of  the  soil  (alkalinity  hazard) .   Alkali  soils  are  formed 
by  the  accumulation  of  sodium  and  are  often  characterized  by  poor 
tilth  and  low  permeability. 

Chemical  analyses  of  water  samples  collected  from  water-table  wells 
and  test  holes  indicate  ground-water  type  is  variable  (table  25) . 
Sodium  bicarbonate  type  water  was  found  along  Home  Creek  in  the  area 
of  clinker  overlain  by  alluvium  (3S45E26BABD)  and  at  two  wells  in  the 
coal  near  Threemile  Creek  (DH  74-106  and  74-107).   Sodium  sulfate  and 
sodium  magnesium  sulfate  type  water  was  found  along  Threemile  Creek 
in  the  area  of  clinker  overlain  by  alluvium  (4S45E04DBDB)  and  at  one 
well  in  the  coal  (DH  74-103)  and  one  well  reported  by  the  land  owner 
to  be  in  the  coal  (4S45E02CDDB) .   One  sample  of  sodium  sulfate  bicar- 
bonate water  was  found  upstream  from  the  coalfield  on  Threemile  Creek. 
Study  of  these  analyses  suggest  no  simple  correlation  between  chemical 
type  and  location  or  geology  of  the  sampling  site. 

All  water-table  samples  in  the  coal  area  were  high  to  very  high  in 
salinity  hazard;  sodium  hazard  generally  was  very  high  to  extremely 
high.   The  exception  was  some  water  samples  with  medium  sodium  hazard 
taken  from  the  water-table  aquifer  near  Threemile  Creek. 

All  samples  exceeded  U.S.  Public  Health  Service  standards  for  drinking 
water  in  dissolved  solids  and  dissolved  sulfate  concentrations  (U.S. 
Public  Health  Service,  1962).   However,  the  Public  Health  Service 
accepts  non-compliance  where  no  better  supply  is  available.   Dissolved 
solids  concentration  in  samples  from  all  test  holes  except  DH  74-103 
were  below  the  upper  limits  for  stock  water  (McKee  and  Wolf,  1963). 

At  the  time  water  was  pumped  and  sampled  from  the  Knoblock  coal  at 
test  hole  DH  74-107,  the  water  table  was  drawn  down  below  the  top  of 
the  coal.   The  pumped  water  remained  very  dark  in  appearance  for  at 
least  12  hours  of  pumping.  A  strong  hydrogen  sulfide  odor  was  given 
off  by  the  water  sample;  it  effervesced  freely  for  more  than  30  minutes, 
Spectrographic  scan  of  the  water  compared  with  sedimentary  material 
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from  the  aquifer  suggests  that  copper,  iron,  and  manganese  may  be 
dissolving  in  water  entering  the  coal  from  above. 

Chemically  the  Knoblock  coal  represents  a  reducing  environment  whereas 
the  sedimentary  rocks  above  the  coal  constitute  an  oxidizing  environ- 
ment.  As  water  passes  from  one  environment  to  the  other,  the  chemical 
makeup  of  the  water  is  altered.   The  exact  nature  of  this  reaction  is 
unknown,  but  the  results  can  be  observed  from  differences  in  the 
chemical  analyses  of  samples  from  above  and  within  the  coal  in  the 
vicinity  of  the  pumped  test  hole  DH  74-107.   Water  from  the  coal  has 
significantly  lower  concentrations  of  dissolved  solids,  hardness, 
dissolved  cations  except  for  sodium,  and  sulfate  than  water  from  the 
unconfined  aquifer  above  the  coal.   On  the  other  hand,  water  from  the 
coal  has  a  higher  concentration  of  bicarbonate  and  total  nitrogen,  and 
nas  a  higher  pH.   The  coal  has  the  overall  effect  of  improving  the 
chemical  quality  of  the  ground  water.   Chemical  analyses  of  water  from 
above  the  coal  are  typified  by  analyses  from  well  4S45E01CDCA  and 
4S45E12ABBC  and  water  from  the  coal  by  analyses  from  test  holes 
DH  74-107  and  DH  74-106  (table  25). 

The  chemical  character  of  water  from  the  confined,  deep  aquifers 
generally  is  similar  to  that  of  the  water-table  aquifer  in  dissolved 
solids  concentration.  Water  from  wells  tapping  the  Tullock  Member  of 
the  Fort  Union  Formation  on  the  west  edge  of  the  coalfield  is  soft, 
sodium  bicarbonate  water  with  an  average  dissolved-solids  concentration 
of  1260  mg/1  (table  25) .   Chemical  quality  data  extrapolated  into  the 
area  suggests  Hell  Creek  water  is  similar  to  Tullock  water.   Judith 
River  water  has  dissolved-solids  concentration  greater  than  6,000  mg/1 
and  is  sodium  chloride  in  type.   Water  from  the  Eagle  Sandstone  is 
also  sodium  chloride,  but  is  even  greater  in  dissolved  solids  concen- 
tration. Water  from  the  Muddy  Sandstone  Member  of  the  Thermopolis 
Shale  is  sodium  chloride  sulfate  type  and  above  5,000  mg/1  in 
dissolved-solids  concentration.  Water  within  the  Madison  Group  may 
contain  nearly  2,000  mg/1  dissolved  solids  (Swenson,  1974). 

Potential  Supply  for  Reclamation 

The  water  needed  for  reclamation  of  the  Otter  Creek  coalfield  must  be 
obtained  from  sources  discussed  in  the  foregoing  sections.   The  quantity 
and  quality  of  no  single  source  is  ideally  suited  to  such  a  purpose. 
Therefore,  the  use  of  combinations  of  surface  water  and  ground  water 
may  be  necessary.   In  any  case,  surface  storage  of  water  may  be 
necessary  to  maintain  adequate  quantities  of  water  and  to  allow  for 
treatment  of  water  of  poor  chemical  quality. 

The  only  surface  water  available  for  reclamation  is  spring  runoff. 
During  the  remainder  of  the  year  flow  is  non-existant  along  Home  and 
Threemile  Creeks;  Otter  Creek  flow  generally  is  less  than  3  cfs. 
Otter  Creek  presently  is  used  for  flood  irrigation  only. 

Wells  in  the  Tongue  River  Member  of  the  Fort  Union  Formation  and  the 
alluvium  yield  from  4  to  12  gpm  in  the  Otter  Creek  coalfield.   Region- 
ally, alluvium  along  perennial  streams  may  yield  as  much  as  700  gpm 
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(Hopkins,  1973),  but  such  yields  are  not  known  to  exist  locally  along 
Otter  Creek.  Hopkins  (1973)  also  reports  yields  of  as  much  as  50  gpm 
from  the  clinker  beds. 

The  deep,  confined  aquifers  may  yield  more  water;  20  gpm  reported  from 
a  well  in  the  Tullock  Member  of  the  Fort  Union  Formation.  Artesian 
wells  may  be  produced  from  virtually  all  of  the  deep,  confined  aquifers; 
heads  will  be  at  an  altitude  of  greater  than  3,000  feet. 

A  strip  mine  in  the  central  part  of  the  Otter  Creek  field  would  neces- 
sitate drainage  of  about  60  feet  of  saturated  coal.   Assuming  a  strip 
mine  can  be  approximated  by  a  circular  discharge  area  having  a  radius 
of  one-half  mile,  discharge  from  the  mine  would  be  about  100  gpm 
(Jacob  and  Lohman,  1952) . 

Ground-water  quality  generally  is  poor;  dissolved-solids  concentration 
range  from  632  to  4,090  mg/1.   Sodium  hazard  is  medium  to  extremely 
high  and  salinity  hazard  is  high  to  very  high.   Therefore,  ground 
water  is  a  poor  source  of  water  to  irrigate  spoil  banks. 

Stored  spring  runoff  or  spring  runoff  mixed  with  ground  water  would 
provide  good  water  for  reclamation.   It  would  be  necessary  to  monitor 
the  mixing  and  limit  the  amount  of  ground  water  based  on  the  types  of 
reclamation  vegetation. 

Summary 

Surface  mining  of  the  Knoblock  coalbed  in  the  Otter  Creek  study  site 
will  include  removing  55  to  200  feet  of  overburden  and  drain  wacer 
from  about  60  feet  of  coal.   The  drainage  may  cause  the  water  level 
in  6  stock  wells,  which  are  in  the  area,  to  decline  by  as  much  as 
125  feet.   Streamflow  should  not  be  measurably  diminished  or  increased 
by  the  mining  operation;  but  without  special  precautions  mining  could 
increase  sediment  production  and  deteriorate  the  quality  of  water  that 
accumulates  in  or  passes  through  the  spoils. 

The  effects  of  mining  on  ground  water  can  be  minimized  by  locating 
the  mine  near  the  stream  divides  or  by  designing  the  strips  perpen- 
dicular to  channels  to  minimize  the  area  of  ground-water  inflow  from 
the  alluvium.  Alternatively,  streams  could  be  flumed  around  strips. 
Wells  can  be  deepened  to  aquifers  below  those  that  will  be  affected 
by  mining.   Settling  ponds  along  reaches  of  the  stream  channel  ad- 
jacent to  the  mining  operations  could  be  used  for  flood  control,  water 
storage,  and  minimizing  the  sediment  production  from  the  spoil.   Using 
the  most  inert,  permeable  part  of  the  overburden  for  the  lowest  part 
of  the  spoil  will  help  minimize  chemical  degradation  of  water  that 
accumulates  in  the  spoil  and  could  promote  recovery  of  the  water  table 
after  mining.   Toxic  material  should  be  placed  in  the  zone  that  will 
remain  unsaturated.   Monitoring  streamflow,  quality  of  water,  and  the 
water  level  in  shallow  aquifers  before  and  after  mining  will  help 
insure  that  problems  beyond  those  predicted  will  be  observed  before 
their  effects  become  irreversible. 
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CHARACTERIZATION  OF  STRATA  OVERLYING 
COAL  SEAMS  AS  PLANT  GROWTH  MEDIA 

This  greenhouse  study  was  carried  out  in  cooperation  with  and  supple- 
ments ongoing  work  of  the  U.S.  Bureau  of  Reclamation  and  U.S.  Bureau 
of  Land  Management  under  Bureau  of  Reclamation  Contract  14-06-D-7554 
with  the  Colorado  State  University,  Fort  Collins,  Colorado.   The  green- 
house study  was  conducted  by  Jim  T.  Herron,  Graduate  Assistant,  under 
the  supervision  of  Dr.  W.A.  Berg,  Associate  Professor  of  Agronomy, 
Department  of  Agronomy,  Colorado  State  University. 

Introduction 

In  the  past,  surface  mining  for  coal  generally  resulted  in  burying  of 
the  soil  and  then  attempts  were  made  to  revegetate  the  spoil.   The 
spoil  left  exposed  was  usually  from  the  stratum  directly  overlying 
the  coal  seam  and  often  was  not  a  suitable  plant  growth  medium. 

It  is  visualized  that  in  future  surface  mining  operations  the  soil 
will  be  conserved  and  replaced.   However,  on  some  sites  the  soil  will 
be  thin  or  less  suitable  as  a  plant  growth  medium  than  spoil  generated 
from  certain  overburden  strata.   The  objective  of  this  study  was  to 
evaluate  the  suitability  of  overburden  as  a  plant  growth  media. 

Methods 

Field  Capacity 

The  initial  task  in  the  greenhouse  study  was  to  determine  the  field 
capacity  of  the  overburden  samples.   The  equipment  used  to  determine 
field  capacity  was:   plastic  tubes  1-3/4  inches  in  diameter,  plastic 
cups  and  plastic  sheets.   The  cups  were  weighed  to  the  nearest  0.1  gm. 
and  the  weights  recorded.   Three  hundred  grams  of  each  overburden 
sample  was  weighed  and  placed  in  the  plastic  cylinders  which  had  been 
sealed  at  the  bottom  by  a  plastic  sheet.   The  samples  were  then  packed 
by  tapping  the  side  of  the  cylinder.   Fifteen  milliliters  of  water  was 
then  added  (5%  of  the  overburden  sample  by  weight)  and  the  top  was 
sealed  with  plastic.   After  24  hours  the  bottom  plastic  was  removed 
and  the  dry  overburden  fell  into  the  cup,  leaving  the  moist  over- 
burden in  the  cylinder.   The  weight  of  the  cup  plus  dry  overburden 
was  taken  and  the  field  capacity  (FC)  calculated  by  the  following 
equation: 

FC%  -  15gH20 X  100 

weight  of  moist  overburden  -  15gH20 

This  field  capacity  percentage  was  the  basis  for  the  amount  of  water 
each  pot  received  daily. 

Fertilizer  Treatments 

Two  thousand  grams  of  overburden  were  weighed  into  each  pot  except 
where  the  bulk  density  was  low  or  insufficient  sample  was  available. 
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Each  pot  was  fertilized  with  100  ppm  nitrogen  as  reagent  grade  Ca(N03)2 
and  80  ppm  phosphorus  as  reagent  grade  CaCl^PO/K  H20.   The  reagents 
were  added  in  solution  as  10  and  50  milliliter  aliquots,  respectively, 
then  mixed  into  the  soils  and  overburden. 

Seeding  and  Growth 

Western  Wheatgrass  (Agropyron  smithii  var.  Arriba)  was  the  test  species. 
This  species  was  chosen  because  it  is  one  of  the  most  abundent  native 
grasses  in  the  western  United  States  and  will  probably  be  used  in  re- 
vegetation  programs.   At  the  time  of  seeding,  approximately  250  gm.  of 
overburden  was  removed  from  each  pot.   Then  water  was  added  to  each 
pot  to  bring  them  to  field  capacity.   Thirty  five  seeds  were  placed  in 
each  pot  and  the  removed  overburden  placed  on  the  seeds.   All  pots  were 
then  covered  with  paper  to  retard  evaporation  and  allow  the  water  to 
move  to  the  surface  by  capillary  rise.   The  pots  were  checked  daily 
and  water  added  as  needed  to  keep  the  surface  moist.   Germination  was 
checked  daily  and  upon  germination,  each  pot  was  uncovered  and  the 
date  recorded.   The  date  when  ten  plants  had  emerged  and  the  severity 
of  salt  crusting  were  also  recorded.  After  germination,  all  pots  were 
weighed  daily  and  deionized  water  was  added  to  bring  the  soil  to  field 
capacity.   Maximum  water  use  generally  was  about  25%  of  field  capacity 
per  day. 

When  the  majority  of  the  plants,  in  all  pots,  reached  a  height  of  about 
10  cm,  the  number  of  plants  in  each  pot  was  recorded  and  each  pot  was 
thinned  to  16  plants.   Photograph  5  is  a  general  view  of  the  green- 
house operation. 

The  plants  were  grown  for  53  days,  from  seeding,  in  the  first  green- 
house experiment  (Oct.  5  to  Nov.  27,  1974)  and  for  52  days  in  the 
second  experiment  (Jan.  26  to  Mar.  19,  1975). 

A  highly  productive  loam  soil  (Al  horizon  Platner  series)  was  included 
in  both  experiments  as  a  standard  soil.   The  soil  profile  sample  (W-198) 
from  the  Otter  Creek  study  site  was  also  included  in  both  greenhouse 
experiments  as  standard. 

In  table  26,  samples  used  in  both  greenhouse  experiments  are  shown  by 
a  designation  of  Fall  "74"  for  the  first  experiment  and  Winter  "75" 
for  the  second  experiment. 

Harvesting 

The  plants  were  clipped  at  a  height  of  2  cm  above  the  surface,  washed 
in  .05  normal  HC1,  and  rinsed  in  distilled  water.   The  plants  were 
dried  in  a  forced  air  oven  at  70°C  for  24  hours  and  then  weighed  to 
the  nearest  .01g. 

Observations  taken  at  the  time  of  harvest  included:  (1)  the  presence 
of  rhizomes,  (2)  the  amount  of  black  leaf  tips,  (3)  the  degree  of  soil 
surface  cracking,  (4)  the  amount  of  salt  crusting,  and  (5)  the  average 
plant  height. 
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Photograph  5 


Photograph  5  -  Greenhouse  studies  in  progress. 
Colorado  State  University,  Fort  Collins,  Colorado. 
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Additional  Data 

Textural  analysis  was  run  on  the  samples  in  the  first  greenhouse 
experiment  to  determine  if  the  alternate  wetting  and  drying  cycles 
associated  with  watering  would  weather  the  samples  and  thus  change 
the  texture.   It  was  found  that  there  were  no  significant  differences 
in  texture  before  and  after  cropping. 

Blackening  of  the  leaf  tips  was  noted  in  both  greenhouse  experiments 
on  various  samples.   This  blackening  of  leaf  tips  might  be  boron 
toxicity  and  should  be  investigated  further. 

Results  and  Discussion 

Large  differences  in  western  wheatgrass  growth  are  evident  on  various 
overburden  samples  (photographs  6  and  7) .   For  purposes  of  this  dis- 
cussion, yields  of  less  than  one  gram  will  be  considered  low,  yields 
of  1  to  2  grams  medium,  and  above  2  grams  high. 

Yields  on  the  overburden  samples  from  the  Otter  Creek  site  in  south- 
eastern Montana  were  variable.   The  samples  from  the  drill  holes 
DH  74-101,  DH  74-102,  DH  74-103,  and  DH  74-104  tended  to  have  low  to 
medium  yields  (figure  10  and  11  and  table  26) .   The  samples  from  drill 
holes  DH  74-105  and  DH  74-106  generally  had  high  yields  (figure  12  and 
table  26) .   The  Montana  samples  (Fort  Union  Formation)  were  generally 
fine- textured.   Unlike  the  samples  from  Colorado  and  Utah,  the  Montana 
samples  with  high  field  capacities  often  had  low  yields  (table  26) . 
Many  of  the  Montana  samples  were  saline  (EC  greater  than  4  mmhos)  and 
some  were  probably  sodic. 

The  soil  profile  samples  from  Montana  produced  yields  which  were  com- 
parable to  yields  on  the  geologic  samples.   Yields  on  the  soils  ranged 
from  low  to  high  (less  than  .2  to  3.5  grams)  depending  on  the  physical 
and  chemical  characteristics  of  the  overburden  (table  26) . 

In  summary,  large  differences  in  yield  were  noted  among  overburden  and 
soil  samples.   However,  these  results  may  be  somewhat  misleading  when 
extrapolating  to  field  conditions.   These  results  reflect  growth  that 
would  occur  under  ideal  conditions  as  found  in  a  greenhouse.   Those 
overburden  samples  which  yielded  less  than  one  gram  would  definitely 
not  be  suitable  as  plant  growth  media.   The  samples  yielding  more  than 
one  gram  includes  some  strata  which  would  make  a  favorable  plant  growth 
media  but  also  includes  some  which  would  make  a  poor  plant  growth  media 
under  field  conditions. 

In  this  greenhouse  study,  overburden  samples  with  the  higher  field 
capacities  generally  yielded  the  most.   In  the  field,  under  arid  and 
semi-arid  conditions,  these  fine- textured  materials  would  be  the  more 
drouthy  soils  because  of  greather  surface  runoff  and  evaporation. 
Thus,  growth  differences  reported  in  this  greenhouse  study  will  give 
an  indication  of  the  suitability  of  the  overburden  as  a  plant  growth 
media  under  controlled  greenhouse  conditions.  When  extrapolating  these 
results  to  field  conditions,  the  physical  and  chemical  characteristics 
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Photographs  6  and  7 


Photograph  6  -  Range  in  Western  Wheatgrass  growth  on 
soil  profile  samples  from  the  Otter  Creek  Study  Site, 
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Photograph  7  -  Range  in  Western  Wheatgrass  growth  on- 
geologic  (drill  core)  samples  from  the  Otter  Creek 
Study  Site. 
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Figure   10 
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Figure   11 
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Figure   12 
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must  be  analyzed  along  with  the  greenhouse  yield  data  to  make  inter- 
pretations of  the  suitability  of  the  strata  as  a  plant  growth  media. 

In  an  attempt  to  correlate  yield  with  chemical  characteristics,  graphs 
were  made  of  yield  versus  electrical  conductivity,  cation  exchange 
capacity,  and  saturation  percentage.   No  direct  correlations  were 
found  by  this  graphing.   Multiple  regressions  to  correlate  the  chemical 
and  physical  characteristics  of  overburden  to  the  greenhouse  yield 
will  be  run  at  a  later  date. 

Explanation  for  Table  26. 

The  degree  of  salt  crusting  and  surface  cracking  of  the  overburden 
were  given  a  numerical  designation  as  follows: 

0  -  None 

1  -  Very  slight 

2  -  Slight 

3  -  Moderate 

4  -  Extreme 

Blackened  leaf  tips  were  observed  and  frequency  of  occurrence,  within 
pots,  was  recorded  as  follows: 


0 

-  no 

plants 

with 

black 

leaf 

tips 

1 

-1-4 

it 

it 

it 

it 

it 

2 

-5-8 

it 

ii 

it 

it 

ii 

3 

-  9-12 

ii 

ii 

it 

ti 

it 

4 

-13-16 

ii 

ii 

ii 

it 

ti 

These  blackened  leaf  tips  (5-10mm)  changed  to  a  brown  color  after 
1-2  weeks.   Although  the  leaf  tips  died  back,  there  was  no  evidence 
of  overall  yield  reduction  of  plants  so  affected. 

Bulk  density  of  the  overburden  samples  was  calculated;  this  informa- 
tion is  not  recorded  but  is  available. 

Roman  numerals  I  and  II  in  the  following  tables  refer  to  replications. 
Duplicate  pots  were  run  on  all  soil  and  overburden  samples  for  which 
there  was  adequate  soil  material. 


190 


Table   26 


a  • 


I    NO  CM  O  _3  t*\  SO  CM  CM  CM  C-vO  CMVO  CM  C\CO_3         NNO\COr\(nNH»^ 


!5   Q.W.I      .........  ........  •*•••••»• 

*>  O       I   cvj  cm  cm  cm        i-l        H  HH  CMHH        cm  cm  HH  r-l  H  cm  r-l  cm 


nOnwHHNHO        OOOOOOOO        OOOOOOrHOO 


,5}  jj  |    OOcmcmOOOOO        CMCMC\c\_30r-lO        HOnNONOOO 


CM  HXAH-3H  r^oo^J 

Os  CM  CO  o"\  Os  OO  CO  xrv  o 

HHHNOOOOri 


t^nw(*\NOu\o\ 

CMCMO"VCMCM-aO.CM 


\ot*-ONOr— oqo 

CMCMCMC\CM-3<*\0 


f\vO  OvH  l*-c\  H  O 
OsC-  vO  ©\  ONCM  OU\ 


0\0  O  CO  O  CM  vO  On  c\ 
o-»  <*S  cm  rH  CM  m-3ro-5 


O  h  vr\r— _^co  onon  O 

C"\  In  CM  CM  CM  CM  O.  C\ -=t 


f^°o  r*\t\-X  0\co  £\vo 


CMnCM^SJOlHW\rl 

mc\joo_30  as  owo  o 


ooHOomcMH 


vr\  on  oo  co  _4  so  t— «»\ 
OnVNOn  OoooBf-vO 


HHOOOHnrln 


^3  O  ON\T\0O\ACM  C-CO 


r-tHHCMr-IOOOrH        OOOiHOcmHH        i-IHOOOHfOCMC^ 


U 


CM  H  O  O  O  CM  H  rH  H        OHHOOOOO        O  O  O  O  O  O  O  O  CM 


NOOOnwOwO    OOOOOOOO    HOOOOOOOO 


CMC— _^CMV\r-|-^OC,\ 
CN.CMCMCNf'Vr-lcNr-ICN. 


HOOHOHM  HOW 

(npai^nncy  c\.  cm  r\ 


CO  lAvQ-=t  OO  CM  i-H  H         CO  _3  OO  ON  ON  CO  O  CM  CM 
HrHCMCNCMCOCMCM  W  N  H  H  H  W  fOW  (^ 


ON  M3  CM  -^  MO  CM  ON  OO  CM  CM  <r\  C—  O  \A  O.  -=t  t*\ 

NHNinNCMHH        CM  m  H  CM  O.  cm  c\  r-l  c> 


Vt  4»    » 


CM  CO  CO  CO  vO   CM    C—  H  VO 


H^tf' 


CM  CO  CO  CO  SO   CM    NH<0 


C— CM  C-  \f\0O  C-  f—OO         NO  O— Jfjj  H  t»V\Q>0 


c— o  oiaco  t— c—co      \o  Ovo  c— o  r— \aOno 

r-l  H  n*  ri        H  ri 


CMCMCMCMCMCMCMCMCM  CMCMCMCMCMCMCMCM  CMCMCMCMlHCMCMCMCM 


CO 


CM  C\  OnO  CM  O  lAMOVN       O  V\\A\AV\0\/\0       \A  o  o  o\  ooo  0.0  o 


CM  -J1A  r—  H  CM  MD  o\co 

HrlHrlN 

I      I      I      I      I      I      III 

-3M3  HXACO  On  OV\0 


i-ICM-3M3COrjCMO 

I      I      I      I      I      I      I      I 

>0004V\00^ 


OO  CM  CN.  O  ON  .3  V\ -=*  CM 
CMC\.^J.ZjM30\r-jCM 

I      I      I      I      I      I      I      I      I 

\AiAOOo\^n<hO 


_j  co  r- v\  ca  o\  on  H -3       CNOcoOr-wrtoo 

H  CM  _3 vO  C—  rH  rr\  c— MO  H  CM  \AMO  O  rj  OO 


CMC"V_3V\vOt—  OOOSrH 
I      I      I      I      I      I       III 

o  o  o  o  o  o  ooo 


cm  c^-^vrwoco  CNO 

I      I      I      I      I      I      I      I 

OOOOOOOO 


hcacmiaooooo  t~-_4 

H  CM  CO-4HACO  OH 


CM-^\f\vO  c—  ON  CM -3  UN 

CMCMCMCMCMCMCNCN.CN. 

I       I       I       I       I       I       I       I       I 

ooooooooo 


191 


Table   26    (Cont.) 


3 


O  On  QO  OO  On  \A  CO  i-l  \A  On         nt«-OOir-Osr\N\0  0\W(^vO       JOf^COOO  O\0O 


rH  VO  On  t«-  rH  nO  f- CM -=t  CM 
CNJrHiHHrH  H  H  CM 


HHi-«         CMrHCMCMCOCMCOCMCM       CM  rH  rH  CM  CM  CO  CM 


OOOHOOOOOO        CmOOOOHOcocmcmCmOco      OnOOOOn 


OnOHHJN  JHH        coOOHOOOrHOOOOO       O  rH  co  O  O  O  CM 


W 
H 
M 
CO 

s 

H 
CO 

w 


w 

H 
H 
O 

« 
O 
Pn 

<c 

H 

p 

W 
CO 

o 


«  p  «  25 


CO 


do  CJ 


3*1  &a 
£3JSM 


O<0  WlA^NOOt-HO 


Oncono  no  OflOvO^O  rocvi 
cOCMCMCMCOrHCMCMCM-3- 


nO  C*-  On  CM  (*ma»o  r— -a  H 
co  o\  r-  o\-=r-a  h  On\a-=t 


CMOrHOrHOrHOOcO 


HHHOvfOvOvO^OnHinOvt"-      eg  O  V\  On  On  C—  vO 
CM  co  co  cm  -3        co  co  co -3  co  co  co      Jr^nr^r^f^n 


<DOOrlt^HO\\0  0\^t>-^00\       CO  C— nO  H  C—  On  O 

:m  cm  co  c\j  _^       i^nn^inj^     Jwi^Jnd^ 


oo  O  \r\  _3  t>\  \a  H  H  vO  H  co  cm  oo      nO  TA  H  Q  NO  ON  rH 
XA  nO  no  H  i-l  r-t  CO  C3  rH  CO  ON  Vf\  CO       HnOOW>OD 

OrtHrlnOHnwWHNN       _3  H  CM  CO  CM  CM  CM 


i^JOOn>Or-p|i^O\vflcO^      _5  Cnj  ^}  CM  H  nO  CO 
vOnU\0\rlrl^NOU\vOCO  JU\       O  rH  OnnO  ONCM  VA 


CmOi-HOHOOOOcm        OHHOnOHnHcviHWCVj      co  H  H  cm  cm  cm  H 


OOOOOHOCnjOO        OOOOO-SOOOOOOO      OjOOOHOO 


OOOOOOOOOO       OOOOO-^OOOOOOO      ooooooo 


-3  r-  On  O  On  cvj  co  t—  CM  _3  _^  _^  O  \A  v\  O  cnj  cm  cm  -^  cnj  cm  CO  co  co  co  _^  co  V\  H 

CO  CM  CM  CO  H  CO  CO  CM  CM  CO  CO  CO  CO  CM  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  CO 

On  r~  CO \AnO  r- CO  rH -J- Vf\  r—  C—  _=f  C-\AnO  CO  CO  t—  CO  CO  CO  H  CO  CM  CM  in  CO  oo  CO 

CM  H  CO  CM  CM  CM  CM  H  H  CO  CM  CM  CM  H  CO  H  CO  CO  CM  CO  CO  CO  CO  CO  CO  CM  CO  CO  CM  CM 


t*-ONNO  VT\0O  C—  t-r-r-JNO         O  P-nO  r-\A  c-nO  U\nO  V\V\lfiU\      \AP-U\nO  VA1AVA 


r-co  r-oo  c—  r— co 


PJCMnO        CO  ONf~  r-\A  OnOVAVN'LA'IAVMA      VA  C-IAnO  ia\a\a 


MSI 


CMCMCMCMCMCMCMCMCMCM  CMCMCMCMCMCMCMCMCMCMCMCMCM        CMCMCMCMCMCMCM 


CD 


a 
o 
u 

o 

CM 


a 


no  On  H  CO  H  CO  CO  VA  C—  C—       nO  COCO  CO  O  COCO  H  O  O  Os  O  C—      O  VA VA  VA CO  VA  H 


0\rlH-3r\(N  CO  VA  rH  Q 

CMCO-3VAnOCOOCMO 

H  rH  CM 

I      I      I      I      I      I      I      I      I      I 

NONONOOcOrHOOCMr— CM 

•     ••••••••• 

-S'ONCMCM-a-COCMCOricH 

CM  CO -3  VA  C^  On  r-l  On 

H  H 


0\Oi-(CMC-V_qNOCOOCM 

I     I     I     I     I     I     I     I     I     I 

OOOOOOOOOO 


COCO  VA_=f-3  HOnOnCOCOCOC—  CM 
iHCM  CO-3VAVAnO  O  CM_3  f-  On 

I     I     I     I     I     I     I     I     I     I     I     I     I 

ON  no  -3  CO  co  NO  CM  co^-nOCOnO 


On  O  CM  O  CO  H  Q 

COIANO  CO  CM  nO 

H  r-» 

l      I      I      I      I      I     I 

O  O  VAVA  CM  CO  CM 


Ocg.OONOVACMVACoOVArHrH 

i  CM  CO  VACO 

H  i-i  r-t  i-i 


CM  CO  CO-31ANO  On  CM  CO  \A  CO 


\AnOC—  COOnOHconOCOOCM,-? 

VAVAVAVAVAnOnOnOnOnO  f-  f-  P- 

I      I      I      I      I      •      I      I      I      I      I      I      I 

000000O00O000 


rH  ONO  CM  0\.JVA 
co\AnO  O  CM 


t—  CO  On  O  CM  -^nO 

p-  c-c-cooocoeo 

i     i     i     i     i     i     i 

OOOOOOO 


192 


Table   26    (Cont.) 


3   .     I  <*\o 


co  O 
H  CM 


CM  CO 

co  o\ 


-3  O         CMH         CMXfSHH 


CO  CO 
H  CM 


NOVO 

H  H 


vo  vr\r-vr\ 
H  H  H  H 


Ov  O       cmVOCO        OsH       covr\       cm  H 

cm -3       cmnOcm       -3  r—       sOCO       OON 
i-(H        HHH        r4  r4        r4  t-i        HH 


8. 

m 


t 


HO        HO        OO        OH        OHHO 


1 


a  pi  we 
3$ 


co  o      cmcm      cocm      _aooo 


H 


;=> 

H 
CO 


u 

& 

w 

H 
H 
O 

O 

<d 

H 

< 
Q 

W 
co 
& 
O 


is 


v\Os 
cocm 


•<  H  J)*-^H|    cm  h 

PL,   BE  I     COCO 


•6'b 


-30 

coco 


OH        VAQ 

co-a      coco 


cocm       ni^ 


nn 


co  co  c\u\ 


CO  CO  COCM 


OH        OOO         HO        HH        r4r-i 


r^O       mnO       -^  O       coco      ^1-3 


O  OS       o_3H       Oncm       mo       COO 
co  cm        co  CO  co        cm  co        co  ro       co  cO 


-^  OS         CM\0\TV        -^J  CM  CM  C-        vO  CM 

CO  CM         CO  CO  CO         <0  CO         CO  CM  CO  CO 


H 


M 

O\0O 

cos© 

00 -3 

CO  C*-sO  CO 

co  c—  r~-  o 

OS  o 

CM  _=f 

xoco  cm 
r-  co  O 

O\s0 

CO  CM 
SO  CM 

£3 

cm  H 

H  O 

CM  CM 

CM  H 

O  H  H  CM 

H  H 

H  CM  CM 

H  H 

H  H 

CM  H 

c^co 

Os_3 

O  co 
HCO 

OS  t— 

CO  CM 
SO  CO 

Sg^ 

O  Os 
CO-3- 

_rtM3  c- 
Os\oO 

Ss3 

vs  co 
t-O 

COIA 

3 

to 


■p 


4»   4» 

h  a  ■** 

«  P   a> 
to  L 


II 


CMO         HCM         CMH         OHcmH 


OO       Ocm       OO       oo       oooo 


oo       OO       OO       OO      oooo 


I 


XI 
CD 

a 

•H 

•u 

o 
u 

SO 
CM 


43 

cd 

H 


5 


§2M 


S^&H, 


&3£SM 


-^CM 

coco 


CO-3 

coco 


r— f- 


-=t-=t 

CO  CM 


CM1A 
CO  CM 


r-o 
H 


t*-o 

H 


cm  so       O  cm       H(nf\0\ 

CO  CM  CO  CO         CO  CO  CO  CM 


coo       <ovs       OnVocmcm 

coco         COCO         CMCOCOCO 


vO  c—      r-r-      c^c— c— r»- 


voso       r-c-      c-c^r-t- 


I5j  as 


CMCM     CM  CM     CMCM     CM  CM     CM  CM  CM  CM 


ft 


o 

ro 


So1 

H  H 
J     l 


o  o 

CO-=t 

I    I 

38 


§3 


_^CM 
CM  SO 


I       I 

CO_^ 


33 

i    i 


NO  oo 
H\A 

I      I 

CO  O 
CO 


COIA 

Pi  Pi 


-^O  CM  O 
CMM3  HsO 

till 

SO  CM  CO  CM 
H  coco  co 


\A 


spco  HOO    O 
H  H  cm  H   C 

J  j  j  j  t! 

►a.    ,*    .>■   .3.    .*. 


oo      o_^o      oo      oo      oo 


OO        OOO        OO        OO        HO 


r-i-=t        O  CO-^J       \ACO       OOO        CM  O 
CO  CO        <o  CO  CO         <o  CO        CM  CO        CO  CO 


o-^      _^osv\      _^cm       Osos      co  o 

COCO        CO  CM  CO        COCO        CMCM         coco 


t>-  f—        vO  M5  \A       sOM3         r-t-        vOt>" 


t-f-       sO>OVO       sOsO 


vO  c- 


CMCM         CMCMCJ         CMCM  CMCM  CMCM 


*3 

•    i 

-^co 
CM  Os 


CO  H 

H   CM 

H  H 
l      I 


cM-^r  o 

COCO  CM 
I      I      I 


C-OsH 

CM  CM   CO 

l-iAri 

I       I       I 

5-    ►*    ^- 


Sco" 

I    I 

CM-^ 
CM  sO 


_3sO 

coco 

H  H 

I      I 


CM  Q 
CM  MS 


sO 


'o6 


m0  O 
cO  sO 

I     I 

H# 


CO  O        OO  Os 


193 


Table  26    (Cont.) 


w 

H 
M 

co 

P 

!=> 
H 
CO 

*I 
W 


u 

Pi 
w 

H 
H 

o 
o 

<: 

H 

< 
p 

w 

CO 

^> 
o 

X 


w 
Pi 
o 


X) 
0) 

•rl 

•u 

c 
o 
o 

md 

CM 


a.  I 

3S3 


J4  Vj    Ol 


■p 

■p       ca 

a  U  *  U 


HUN 


mm       HH^A      \n       n 


-d  p-s  g53 


i  9 

Si 


a 


n        i  ^8 
o  J9  t1  *o 

•o  H  e 

•  «  C  -P 

p 
III5 


nr-      cm 

HH        CM 


r-i/\       JrlO        CM        OsCO 
iHH        rlrlH        CM         «-«i-» 


H  H        H  O  O 


co  t—vrv       cm  mD       f-  c*  (•» 

Vf\.vr\_4      md  cm       _^iH>o 
H  H  H        ri  H         r4  r4r4 


OOO        HO        OOO 


OCM        m        CMO        WHO 


OO       JWO        O  m       OcmO 


CM  m 
m  m 


OOsO 

ro  m 


OvO 


CM 


CM 


CM 
OO 


cocm      t— r~c-i      vo      oor-      oocm 

CM  m         (*>rtW  CM  mmCM 


oh      oor-H      vo       ooo       ooo\ 

nn        mHCM         CM         H  mmCM 


m\/\        CM  coco         r—        CM  CM        mO\CO 
<0-3-=t        O        CM  H        mmin 


CM  V\ 

m  <m 


t-OWO 
CACM  H 


cm  \rv 

iHH        CM  O  O        H        OO 


HvO        \AH  \t\ 
co  cm       m  in  H 


OO  CA        OO  C-MD 
XT\vO        MD  H  CM 


HHO        HO        cm  H  O 


Ssr* 


CM  CM 


-cj      com      _^_^H       s^       -^CM 
t-        H  cm        oo_^J        ON       HH 

O        t-i  t-t        cm  O  O        O        OO 


O-^H 

nmo 


H  H  H 


3^ 

H  d 


ON  t— On 
MO  mCM 


CM  H  O 


OO        CM        OO        OOO 


H  r-\        OOO        OCM        OOCM 


00      o      00      000      m     -=r-^      000      ocm      oocm 


XA  CM         VT\ 

nn      H 


m  m     .3 

nn  CM 


m  ON         m-^V\        CO  0\_^ 

OCM  m  CM  CM  CM  CMCM 


JH         \ACO-^        -^        COCO 

mm      mcMCM       m      cm  cm 


vOOsh      cm  m      cm-^o\ 
cm  cm  m      c\cm       mm  cm 


00  f—  c—      mm      moo 
cm  cm  cm      m cm      mmm 


MO  MO         00         C— MO        MO  OncO        mO         Os  C—        t—COCO         f-  ON        C-MO  CM 


md  vo      co      r*-NO      vo  o\oo      mo      o\  r—      r— coco      c— o\      c-mo 


H1 


1*3 


CMCM  CM  CMCM         CM  CM  CO  CM         CMCM  CM  CM  CM         CMCM  CM  CM  CM 


p    • 


vO-S 
moo 


PI 


V\ 


-^         CM  CO 

no       r-  o 


1         1 

O        CO 

-3     -3 


eg 


I  I  H 

O  H  cm 
m  t— 


1 

CM 

m 


oco 

0\rj 

1  7 

£8 


-^MO  O 

3  t»cM 

1    1  "T 

CO  cm  -3 

CM  \AO 


3$   ass 


CO 


m\A  r—  cm  -^ 

vr\\A  md  r—  c- 

H  H  H  H  H 

J    J  I  1      1 

^  $■  >  &•  !»- 


H-^\r\  o\ 
00  co  00  co 
H  H  H  H 
I 


CM    **N 
OsO\ 


&.  &■  > 


\r\  t>-0\ 
OOO 
ri  r-\         CM  CM  CM 
II  I      I      I 

>  &■         *■  J*  >• 


I      I 

CO  O 
CM  Vv 


00  o 

H  CM 

CM  CM 

I      I 


-1     •      • 

O  OOO 

m-a 


\0  CO  o\ 

CM  CM  CM 

CM  CM  CM 

I       I       I 

.*    >■    > 


•3 

H 


194 


Table   26    (Cont.) 


3   •     I   on 

5  8*1  a 


nOVT\0O 


P-CM 
H  CM 


m\A       _3  CM  OO 

•     •     • 

0\p-m3 
HCsl  H 


vO  CM        OS  P-M^ 


-•3 


OHO        OO        OOO 


O  ^J  SJ 


CJ  O        OOO 


H 


Q 
H 

CO 


O 

Pi 

w 

H 
H 
O 

Pi! 
O 
Pm 

<J5 

H 

<: 
o 

w 

CO 

ao 
o 
as 


O 


CM 


CM 


0\  o 


MD  P-CM 


o  CM 

•       • 

CM  CM 

8335 

•  •  • 

CM  CM  CM 


OOO 


CM  cm       m_^«*> 


CO  CM         Nf^N 
CM  CM         3-3  *»> 


•     •  •     •     • 


•  •      •  •  • 

ho      wnH 


CMHO        OO        OOO 


O  O        OOO 


CM 

mcM 

CMM3 
<^H 

-^<n-3 

i/\cm  c\ 
c\  cv  en 

en  p- 

*nCM 

en  cm  in 

p- 

MD\A 

m3  vr\ 

\AM3  Vf\ 

c— 

\OM3  vr\ 

P-O 
H 

vrwoso 

CM 


CMCMCM  CMCM         CM  CM  CM 


<1) 

•H 
■M 

c 
o 
o 

vO 
CM 


^1 

H 


JO 


O 

NO 

I 

M3 

en 


CM 
I 


COM3  p- 
H  CM 

I    I    I 

mcoMO 

l™1 


CM  O 
P-  CM 

i  7 

co  co 

40v 


OvO  O 

mp-pj 
i   i  7 

°°^cX 


V\< 


COOnO  CO  q  _^mdco 

OmDP-  OnO  r^  r^  ri 

cvicmcm  cm  en  cnenen 

iii  ii  iii 


195 


Table   27 


o 

CO 

Q 


S3 

S 

<c 

E-t 

o 


irl 


fa  «• 

56 


33£ 


i 


te 


CM 


H 


rsSs 


|5 


-p       a 


^  e-s 


•ri    B 

3 


*3  p  «  G  5 


to 


23 


O    eg  _j  -w 
•O   Q   « 

•  *  R  +* 


<J  to 
«H  4>    E9Hj 


&f 


ill 


u$ 


CM 


Os 

CO 


wM  ^ 


-3 
CO 


co 


oo 

CM 


CO 


CM 
co 


CO 


sO 


NO 


"2 


+>  o 

CO  CO 


2 


$ 


MO 
CO 


3 

CM 


o 

CM 
CO 


CO 
CO 


CO 


vO 


sO 


CM 


in 

t— 

,  OS 


I 


S^     I 


CO  CO 


196 


BIBLIOGRAPHY 

Akky,  M.  R.,  and  Shen,  C.  K. ,  1973,  Erodibility  of  a  cement-stabilized 
sandy  soil:   Highway  Research  Board,  Spec.  Rept.  135,  p.  30-41. 

American  Society  for  Testing  Materials,  1958,  Procedures  for  Testing 
Soils:  Am.  Soc.  for  Testing  Materials  Comm.  D-18. 

American  Society  for  Testing  and  Materials,  1974,  Standard  specifications 
for  classification  of  coals  by  rank  [ASTM  designation  D388-66 
(reapproved  1972)],  in  Gaseous  fuels;  coal  and  coke;  Atmospheric 
analysis:  Am.  Soc.  Testing  Materials,  pt.  26,  p.  54-58. 

Arulanandan,  K. ,  Sargunam,  A.,  Loganathan,  P.,  and  Krone,  R.  B.,  1973, 
Application  of  chemical  and  electrical  parameters  to  prediction 
of  erodibility:   Highway  Research  Board,  Spec.  Rept.  135,  p.  42-51. 

Bass,  N.  W. ,  1932,  the  Ashland  Coalfield,  Rosebud,  Powder  River,  and 
Custer  Counties,  Montana:   U.S.  Geol.  Survey  Bull.  831-B, 
105  p. ,  37  plates. 

Boner,  F.  C,  and  Omang,  R.  J.,  1967,  Magnitude  and  frequency  of  floods 
from  drainage  areas  less  than  100  square  miles  in  Montana: 
U.S.  Geol.  Survey  Open-file  report,  23  p. 

Branson,  F.  A.,  Miller,  R.  F.,  and  McQueen,  I.  S.,  1966,  Contour 
furrowing,  pitting,  and  ripping  on  rangelands  of  the  western 
United  States:  Jour.  Range  Management,  v.  19,  p.  182-190. 

Brown,  Eugene,  M.  W.  Skougstad,  and  J.  J.  Fishman.  1970.   Methods  for 
collection  and  analysis  of  water  samples  for  dissolved  minerals 
and  gases,  p.  41-44.  "In"  Techniques  of  water  resources  investi- 
gations of  the  United  States  Geological  Survey.   Book  5, 
Chapter  Al.  (US  Dept.  Int.)  U.  S.  Government  Printing  Office, 
Washington. 

Collier,  C.  R. ,  Pickering,  R.  J.,  and  Musser,  J.  J.,  1970,  Influence 
of  strip  mining  on  the  hydrologic  environment  of  parts  of  Beaver 
Basin,  Kentucky,  1955-66:  U.S.  Geol.  Survey  Prof.  Paper  427-c, 
p.  C1-C80. 

DeCarlo,  J.  A.,  Sheridan,  E.  T.,  and  Murphy,  Z.  E.,  1966,  Sulfur  content 
of  United  States  coals:  U.S.  Bur.  Mines  Inf.  Circ,  8312,  44  p. 

Dobbin,  C.  E.,  Bowen,  C.  F. ,  and  Hoots,  H.  W.,  1929,  Geology  and  coal 
and  oil  resources  of  the  Hanna  and  Carbon  Basins,  Carbon  County, 
Wyoming:  U.S.  Geol.  Survey  Bull.  804,  88  p. 

Fieldner,  A.  C,  Rice,  W.  E.,  and  Moran,  H.  E.,  1942,  Typical  analyses 
of  coals  of  the  United  States:   U.S.  Bur.  Mines  Bull.  446,  45  p. 

Fireman,  Milton,  1944,  Permeability  measurements  on  disturbed  soils: 
Soil  Sci.  58:337-353. 

Francis,  Wilfried,  1961,  Coal,  its  formation  and  composition:  Edward 
Arnold  (Publishers)  Ltd.,  London,  806  p. 

Frickel,  D.  G. ,  Shown,  L.  M. ,  Patton,  P.  C,  1975,  An  evaluation  of 
hillslope  and  channel  erosion  in  the  Piceance  Basin,  Colorado: 
Colo.  Water  Conserv.  Board  Water  Resources  Circ.  30  (in  review). 

Ferris,  J.  G.,  Knowles,  D.  B.,  Brown,  R.  H.,  and  Stallman,  R.  W., 

1962,  Theory  of  aquifer  tests:   U.S.  Geol.  Survey  Water-Supply 
Paper  1536-E,  174  p. 

Glass,  G.  B.,  1972,  Mining  in  the  Hanna  coal  field:   Geol.  Survey  of 
Wyoming,  45  p. 


197 


Hadley,  R.  F.  and  Schumm,  S.  A.,  1961,  Sediment  sources  and  drainage 

basin  characteristics  in  the  Upper  Cheyenne  River  basin: 

U.S.  Geol.  Survey  Water-Supply  Paper  1531B,  p.  186-198. 
Hopkins,  N.  B.,  1973,  Water  resources  of  the  Northern  Cheyenne  Indian 

Reservation  and  adjacent  area,  southeastern  Montana:  U.S.  Geol. 

Survey  Hydrol.  Inv.  Atlas  HA-468. 
Jacob,  C.  E.,  and  Lohman,  S.  W.,  1952,  Nonsteady  flow  to  a  well  of 

constant  drawdown  in  an  extensive  aquifer:  Am.  Geophys.  Union 

Trans.,  v.  33,  no.  4,  p.  559-569. 
Kilmer,  V.  J.  and  Alexander,  L.  T.,  1949,  Methods  of  Making  mechanical 

analyses  of  soils:  Soil  Sci.  68:15-24. 
Krynine,  Dimitri  P.,  1947,  Soil  mechanics,  its  principles  and  structural 

applications  2nd  edition:  McGraw-Hill  Book  Co. 
Lohman,  S.  W.,  1972,  Ground-water  hydraulics:  U.S.  Geol.  Survey  Prog. 

Paper  708,  70  -.,  47  figures,  9  plates. 
Lowry,  H.  H.,   (ed.),  1945,  Chemistry  of  coal  utilization,  Volumes  I 

and  II:   John  Wiley  and  Sons,  Inc.,  New  York,  1868  p. 
1963,  Chemistry  of  coal  utilization,  supplementary  volume:   John 

Wiley  and  Sons,  Inc.,  New  York,  1142  p. 
Masch,  F.  D.,  Jr.,  Espey,  W.  H.,  Jr.,  and  Moore,  W.  L.,  1965,  Measurements 

of  the  shear  resistance  of  cohesive  sediments:  Agr.  Research 

Service  Pub.  970. 
Matson,  R.  E.,  Dahl,  G.  G.  Jr.,  and  Blumer,  J.  W.,  1968,  Strippable 

coal  deposits  on  state  land,  Powder  River  County,  Montana: 

Montana  Bureau  of  Mines  and  Geology,  Bull.  69,  81  p.,  19  figures, 

4  plates. 
McKee,  J.  E.,  and  Wolf,  H.  W.,  1963,  Water  quality  criteria:   California 

State  Water  Quality  Control  Board  Publ.  3-A,  548  p. 
McQueen,  I.  S.,  1961,  Some  factors  influencing  streambank  erodibility: 

U.  S.  Geol.  Survey  Prof.  Paper  424-B,  p.  28-29. 
McQueen,  I.  S.,  and  Miller,  R.  F.,  1968,  Calibration  and  evaluation  of 

a  wide-range  gravimetric  method  for  measuring  moisture  stress: 

Soil  Sci.,  v.  106,  p.  225-231. 
,  1974,  Approximating  soil  moisture  characteristics  from  limited 

data:   Empirical  evidence  and  tentative  model:  Water  Resources 

Research,  v.  10,  p.  521-527. 
Montana  State  Engineer's  Office,  1961,  Water  resources  survey  -  Powder 

River  County,  Montana:   Helena,  Montana,  68  p. 
Moore,  E.  S.,  1940,  Coal,  its  properties,  analysis,  classification, 

geology,  extraction,  uses  and  distribution:   John  Wiley  and  Sons, 

Inc.,  New  York,  473  p. 
Pacific  Southwest  Inter-Agency  Committee,  1968,   Report  on  factors 

affecting  sediment  yield  in  the  Pacific  Southwest  area:  Water 

Management  Subcommittee,  Sedimentation  Task  Force,  10  p., 

2  tables. 
Patterson,  J.  L.,  1966,  Magnitude  and  frequency  of  floods  in  the 

United  States,  Part  6-A.  Missouri  River  Basin  above  Sioux  City, 

Iowa:   U.S.  Geol.  Survey  Water-Supply  Paper  1679,  471  p., 

11  figures,  1  plate. 


198 


Pfleider,  E.  P.,  editor,  1968,  Surface  mining:  New  York,  American 
Institute  of  Mining,  Metallurgical,  and  Petroleum  Engineers, 
Inc. ,  1061  p. 

Piper,  A.  M. ,  Garrett,  A.  A.,  and  others,  1953,  Native  and  contami- 
nated ground  waters  in  the  Long  Beach-Santa  Ana  area,  California: 
U.S.  Geol.  Survey  Water-Supply  Paper  1136,  320  p. 

Poland,  J.  F.,  and  Davis,  G.  H.,  1969,  Land  subsidence  due  to  with- 
drawal of  fluids:   Geol.  Soc.  America,  Reviews  in  Engineering 
Geology  II,  pp.  187-269. 

Richards,  L.  A.  1947.   Pressure-membrane  apparatus  construction  and 
use.   Agr.  Engin.   28:451-454,  460. 

Richards,  L.  A.  1949b.  Methods  for  mounting  porous  plates  used  in 
soil  moisture  measurements.   Agron.  Jour.  41:489. 

Richards,  L.  A.,  1954,  Diagnosis  and  improvement  of  saline  and  alkali 
soils:   U.S.  Dept.  of  Agr.  Handb.  60. 

Richards,  L.  A.  and  Weaver,  L.  R.  1944.   Moisture  retention  by  some 
irrigated  soils  as  related  to  soil-moisture  tension.   Jour.  Agr. 
Res.  69:215-235. 

Schofield,  R.  K. ,  1935,  The  pF  of  the  water  in  soil:   Trans.  3rd 
Internat.  Congress  of  Soil  Sci. ,  v.  2,  p.  37-48. 

Schopf,  J.  M. ,  1956,  A  definition  of  coal:   Econ.  Geol.,  v.  51,  no.  6, 
p.  521-527. 

1960,  Field  description  and  sampling  of  coal  beds:   U.S.  Geol. 

Survey  Bull.  1111-B,  70  p. 

1966,  Definitions  of  peat  and  coal  and  of  graphite  that  terminates 

the  coal  series  (Graphocite) :   Jour.  Geol.,  v.  74,  no.  5,  pt.  1, 
p.  584-592. 

Shown,  L.  M. ,  1970,  Evaluation  of  a  method  for  estimating  sediment 
yield:   U.S.  Geol.  Survey  Prof.  Paper  700-B,  p.  B245-B249. 

Sindelar,  B.  W. ,  Hodder,  R.  L.,  and  Majerus,  M.  E.,  1973,  Surface 
mined  land  reclamation  research  in  Montana:   Progress  Report, 
1972-73,  Montana  Agr.  Expt.  Sta.  Research  Rept.  40,  Montana  State 
University,  Bozeman,  Montana,  122  p. 

Snyder,  N.  H. ,  1950,  Handbook  on  coal  sampling:   U.S.  Bur.  Mines  Tech. 
Paper  133  (Revised),  10  p. 

Swanson,  V.  E.,  Huffman,  Claude,  Jr.,  and  Hamilton,  J.  C,  1974, 

Composition  and  trace-element  content  of  coal,  Northern  Great 
Plains  area:   Contribution  to  Mineral  Resources  Work  Group, 
Northern  Great  Plains  Resource  Program. 

Swenson,  F.  A.,  1974,  Possible  development  of  water  from  Madison  Group 
and  associated  rock  in  Powder  River  Basin,  Montana-Wyoming: 
Northern  Great  Plains  Resources  Program,  6  p.,  4  plates. 

Taylor,  0.  J.,  1965,  Ground-water  resources  along  Cedar  Creek  Anticline 
in  eastern  Montana:  Montana  Bureau  of  Mines  and  Geology,  Memoir 
40,  99  p.,  17  plates,  17  figures. 

Taylor,  S.  R. ,  1964,  Abundance  of  chemical  elements  in  the  continental 
crust:  A  new  table:   Geochim.  et  Cosmochim.  Acta,  v.  28,  no.  8, 
p.  1273-1285. 

Tomkeieff,  S.  I.,  1954,  Coals  and  bitumens  and  related  fossil  carbon- 
aceous substances:   Pergamon  Press  Ltd.,  London,  122  p. 


199 


U.S.  Bur.  Mines,  1965,  Bituminous  coal,  in  Mineral  facts  and  problems, 

1965,  p.  119-147. 
U.S.  Bur.  of  Reclamation,  Reclamation  Instructions,  Series  510  Land 

Classification  Techniques  and  Standards,  Part  517  Laboratory 

Procedures,  1967. 
U.S.  Public  Health  Service,  1962,  Drinking  water  standards,  1962: 

U.S.  Public  Health  Service  Pub.  956,  61  p. 
U.S.  Salinity  Laboratory  Staff,  1954,  Diagnosis  and  Improvement  of 

saline  and  alkali  soils:   U.S.  Dept.  of  Agriculture  Handb.  60, 

160  p. 
Van  Voast,  W.  A.,  1974,  Hydrologic  effects  of  strip  coal  mining  in 

southeastern  Montana-emphasis:   One  year  of  mining  near  Decker: 

Montana  Bureau  of  Mines  and  Geology,  Bull.  93,  24  p. 
Walkley,  A.  1947.   A  critical  examination  of  a  rapid  method  for  determ- 
ining organic  carbon  in  soils  —  effect  of  variations  in  digestion 

conditions  and  of  inorganic  soil  constituents.   Soil  Sci., 

63:251-264. 
Winterkorn,  Hans  F.,  1973,  Experimental  study  of  the  attack  of  water  on 

dry  cohesive  soil  systems:  Highway  Research  Board,  Spec.  Rept. 

135,  p.  1-7. 
Wischmeier,  W.  H. ,  Smith,  D.  D.,  and  Uhland,  R.  E.,  1958,  Evaluation 

of  factors  in  the  soil-loss  equation:  Agr.  Eng.,  v.  39,  p.  458- 

462,  474. 
Wischmeier,  W.  H.,  1959,  A  rainfall  erosion  index  for  a  universal 

soil-loss  equation:   Soil  Sci.  Soc.  Am.,  Proc,  v.  23,  p.  246-249. 
Wischmeier,  W.  H.,  and  Smith,  D.  D.,  1965,  Predicting  rainfall- 
erosion  losses  from  cropland  east  of  the  Rocky  Mountains:   Agr. 

Handb.  282,  Washington,  U.S.  Govt.  Printing  Office. 
Wischmeier,  W.  H. ,  and  Mannering,  J.  V.,  1969,  Relation  of  soil 

properties  to  its  erodibility:   Soil  Sci.  Soc.  Am.,  Proc,  v.  33, 

p.  131-137. 
Wischmeier,  W.  H.,  1971a,  The  erosion  equation — a  tool  for  conservation 

planning:   Proc,  26th  Ann.  Mtg.  of  Soil  Conserv.  Soc.  Am.,  p.  73-78, 
Wischmeier,  W.  H.,  Johnson,  C.  B.,  and  Cross,  B.  V.,  1971b,  A  soil 

erodibility  nomograph  for  farmland  and  construction  sites: 

Jour.  Soils  and  Water  Conserv.,  v.  26,  p.  189-193. 


200 


X 


w 
pt. 

<: 


o 
<o 

■  Qi 
WD 
DCQ 


c 
E 

(0 


t\£ 


i 
i 

I 


Z.  ^ 

o  3? 

>5 


¥N 


—    c 
0.  D 


55^ 


5  -3 


fr 


*    i 


oi 

I 
H 

a    i 


fa 

U  Q 
<\J 


^ 


1? 


US 
Ol 


C        \V 


^ 


I  D 


I  S 


g  «1 

U      — H 


a      o 


*'         fN.A 


2> 


OS 

< 
O 

z 

a 
.  o 


Z 

o 


-rX 


•ft    . 

tlj 

zo 
o> 


2  a 


.ou. 


oo>>- 


K 


w 
u, 

D 
H 
U 
D 
OS 
.  h 

iO    00 


Id 

a 

D 

H 

.    X 

£  w 


H 

K    O. 

Q|  s| 
« 
o 

o 
u 


2^ 

OS 
H 
< 
2 


Moo 

(J  00 

;IZ 


•xN 


ij 


k 


^ 
^ 


Mti 


4- 


~4 


0 

I 
1  £ 


"3i 


I 


^ 


a   fc 


1 


^ 


CN 


"N8 

^5 


ex. 

Vo 

DsJ    sxal    «>o 


%5 


a.  i 


5i 


3      ^ 


OO 


3    — 
•C^  * — 

A  St 


o 


^  < 


^s 


k 
^ 


\ 


vt.  V* 


.3S; 


-s^    ~ 


t: 


'-J 


v. 


I 


t.f 


•^ 
^ 


^^  s 

Z.     » 


rvi 


I* 


Nt* 


^* 


11 


^4 


^v  t 


^ 


tV 


«•  -^ 


—    V«N« 


JOS. 


'/I 

o 


1 


^S     \ 


s>. 


^ 


^: 


*N 


iv 


?r 


^:. 


«n 


^A 


^ 


^ 


^ 


1^ 


^^ 


4 

X 


OS 

o 

w  t 

f-Z 

z  w 

=  s 

u  u 

rv  U. 
<0 

300 


in 

0 

e 


3 

§      I 

E     I 

3 
CO         I 


S 


ST, 


c  - 

5  s 

a  d 


2^i 


I1* 

CO  «S(I 


s 

^ 


{ 


*ll\  • 


is? 


^ 


*  i 


a: 

I 
H 


J     CO 


U<3 


IV 


I' 

.3 


1^ 


-         v 


a  0, 


! 


I 


■i 


2  v£ 


«0 


O       v»| 

S       i 


^ 


W     6 


I   D 


I 


"-1 


X 


— * 


X 

t 


v 


A 


I     • 


< 
a 
z 

D 
.   O 


z 

o 

<-- 

■9-05 


ZO 
0> 

£coS? 


.8 

2  « 


in 


oo 


co>"  w 

>:     Ql 


v 


X, 


a 

K 

D 
H 
O 
D 
K 
.   H 

\D     CO 


U 


H 

>.  £2 
K  O, 
Q|  S| 

K 

O 

J 

o 
u 


ltd  co 
u  co 

eg 

;£z 


5Z 
0° 
><X 


V 


X 

V 


,£J£ 


y 


r 


^s\*x* 


-4 


^£ 


4. 

1      ^ 


P. 


^ 


I 


x 


<    ! 


n    « 


f! 


•0 


S    ^Sg-6 


-4 


.3    O 


Q  f 


^ 

^S 


7 


^ 


v^ 


*v5 


-J 


3$$ 


5v> 


^  £ 


U 


1 


<J 


^ 
^  Q 


I  i 


n 


^^ 


NA 


d^ 


K 


-i 


Vl 


i 


*t 


VV 


^^ 


-5 


1. 


5* 


S 


>3 


A 


A 


4* 


i 

> 


2  s 


(V     t(. 


%  <a 


s 

-4 


\ 


2\ 


^j. 


■? 


N 


■s 


^ 


>x 


?^ 


" 


K 


^ 


i: 


Y«l 


^ 


3~S 


_5^ 


"> 

V 

V  $ 


V 


s 


* 


X 


S 


^ 


^. 


K 


X 


fi= 


*> 


-3^ 


>. 


^ 


k- 


^ 
>. 

^ 


^ 


~" 


^; 


^5 


^~ 


K 


S 


i 


>t 


Y 


xr 


^^ 


^' 


Vr> 


J. 


~\ 


n. 
4 


V 


K 


"v 


t 


^ 


%; 

i 


^^ 


cfa 


I 


z 

i 

& 

at 
O 

3 

a 


o 

i 

z 
o 

H 

« 

U 
O 

u 

> 


a: 

o 

2^ 

f-,Z 

zu 

-5 

Hz 

p 
*^ 

<o 

at. 

MD 
DO 


^J      U      U 


z 
o 

& 

« 

o 

n 

U 
Q 


O 
HZ 

zw 

ZZ 

w< 
<o 

■  K 
WD 
DO 


Q^ 


u  *  I* 


»    in 

<      i 


c 

rJl 

""1 


3h 


353 


A 


^4 


I 


^3 


f- 


X<* 


^ 


1 


2^ 

•e   ' 
£    i 


S 

^ 

^ 


*  3 

o  V1 


■IN 
Is 

0.  3 


3 

H 

a    i 


5n» 
so 


3tsi 
U<3 


H 


v 


\4J 
/\ 

3 


If 


W 

v>  "> 
S      >    3. 

s     ~  ^ 

O         v> 

o       u*o 

u   £. 


S      i 

.2  M 


X 

I 


1^ 


ft'  1 

5 

rs 


^ 


*     I 

l  S 


zo 
o> 

2«^ 


^ 


4 

■^ 


» 


2  X 


N( 


in 


I     ^ 


?: 


>< 
3d 

.Oh. 
oo 


* 
v 

* 

^ 


H 

O 

D 

X 

.  H 


N 


w 

g 

H 
.   M 

£  w 
m   H 


•    * 

a 

o 


Mm 


^ 

5    ?^^ 


4J 


^ 


«|3 


v 


1} 


•SI 


N 


14s? 


5-s 


^^ 


^s: 


■1 


r»  ^  ^a 


H, 


\ 


^ 


:t^ 


^ 


^^ 


-~0 


n 


■?l 


5 


s5 


11 


<5' 


^ 

^eJ 


« 


So 


-  <j 


■W 


.^ 


Jf<j 


£ 


N     — 


s* 


■^ 

'  v? 


S 


^, 


~J 


^ 


r 

i 


i 


F^ 


r4 


oa 


3 


3 

o 


vJ 


1 


.rs 


^ 


-V 


\ 


X 


:\ 


V 


?^ 


^ 


\ 


V 


?^ 


4 


n 

v 

i 


J 


< 

\ 


\ 
J 


X 

N 


'<. 


5^ 


ix 


X 


r*s 


1 


-s>- 


> 


N^i 


o 

I 

z 
o 

< 

H 

u 
O 

u 

> 


OS 

o 
2^ 

t-z 
z« 
-s 
u  w 

£* 

£o 
zz 

w< 

Ij 

<o 

DO 


z 
o 
p 

& 

M 

o 

3 

Q 

J 
5 

</) 

Z 

o 

H 

«t 
H 
U 

o 
u 
> 


M 

o 

e 

Q  Ol 


1 


111        \ 


*4 


2v3   ^ 


Q 

£ 


>v 


Q 

Z 

3 

.    O 

tN     CO 


v: 


Z 


s    : 


5: 

S 


v3 


V 


V 


05 
O 

z  w 

-s 

=  2 

fesg 

<o 

D-D 

QW 

,/<* 
MD 
300 


Vj 
I 


E 

a      > 

E    i 

3 


s 


O        .7 


S      I 


■2^ 

>5) 


*s 


c  ~ 
0,  3 


s 

05 

OT)| 

I 

H 
c  <\| 

o 

a    i 

o 

o     u 

J      (Si 


5-1 


In 


^ 


/N 


.2       < 


a  ^ 

O  »>q 

■  —I 

1  ^ 

2  I 


a: 


0)         > 


X 


N 

3 

-v 

^ 


^1    & 


•i! 


I  S 


H 

^ 


03     . 

UJ 

zo 
o> 


2  OS 


?"*\ 


X 


^ 


*  S1 


-b» 


** 


1      X 

5       ^ 


<3 
.uu. 


J> 


H 

ow>, 
uHqs 


^ 


■^^x 


Q^ 


a  € 


^5 


:^£ 


1^ 


^ 


V 


3 


H 

O 

OL 
.   H 

to    (/) 


-« 


0> 


^- 


'tC 


S.M 


i^ 


k 


Y- 


4 


^^1 


(i  A 

J,  % 

2    > 


u 

3 

H 

.   x 


-J 


-J 


-J 

«0 


0 


v3 

>8 


7^ 


►«   2 

05    C 
05 


TV 


\ 


i  £ 


^^S: 


^ 


&£ 


CvS 


P. 


s. 


(t 


N 

-^ 


J^. 


Mm 

i=Z 


I 


o 


i 

f*1 


M 


-p. 


go 


Vj 


vJ 


4 
u 


\ 


xi 


5^3 


^' 


o 

Hz 

£° 

S  J 

[V  U. 

<o 

■  OS 
DCQ 


z 

s 

& 

o 

u 
Q 


a 

i 

z 
o 
p 

U 

o 

u 

> 


05 

o 

Et- 
ui 

Qfaj 

■  OS 

">D 

DO 


o 

e 

a 


-  if 

Mi    V| 
2^ 


aotvll 


1  3 

"<X 

Q.- 


.•a    I 


oi 

i 


cCVJl 


■g-H 

c  ~ 

(9    '•* 
—     C 

a  d 

a 

m 

o 

o 
So/ 

<3^ 

J" 

O 

u«3 

CN 

<* 

55  ol 

<  » 1 

*J 


2      S^J 


A 


j 
^ 


\ 


.2  V 


-    *l 


u    vi 


NN 


IS 

a  I 


<   <r 


Q   5 

x  ! 


I  D 


<      I 


i 


J,     tVs 

8  N 


z 

O        V. 


UJ 

zo 

0> 


.8 

2   OS 


.uu. 


H 

ggSi 

u^05 

^       Ql 


H 
U 
D 
05 
.  H 
to    VI 


W 

05 

5 

£    w 


H 
-  S2 

*  o. 

05 

s 


Mm 

lis* 


N 


t  "c 

a. 


^^      N 


^, 


K 
-*•« 


V 


I 


^ 


-fj 


^ 


o 

v 

-* 

* 


T       ^      * 


^    3>i 


*1 


^J 

^d 


v 


^^ 


^-    vl, 


^ 


If 


v-> 


I 


O 


•s!- 


^Vl 


w 
5 

^ 


^ 


T^  : 


^ 


■t: 


^> 


> 


V 


Si 


_c 


^ 


-I 


^ 


^ 


v 


K 


>\ 


^ 


T 


\ 


d 


i 

4: 


<^i 


^ 


K 


1 

i 


:\ 


s 


Ns 


S 


X 


•\ 


_Si 


>^ 


^5 


*    i 


X 


N3| 

V 

«5 


^ 


■  N 


« 


,\ 


^V 


V 


Vj 


\ 


T 


'i; 


s 


^ 


,\ 


i5 


Si 


^ 


5;   « 


^^ 


-i 


N^ 


^..^ 


^4 


j 


v 


K 


^ 


v 
V 


\N^ 


v 
^ 
^-». 


^    x 
\ 


Jt 


^ 


^i; 


j^. 


^ 


V 


X 


V 


X, 


— s- 

v 
V 

v 
o 


N 

o 
B 

to 


} 


^■2 


^ 
^ 


^ 


x 


D 

z 

.   O 


i 


V  ^ 


Sj 


r? 


-+j 


■+J 


.* 
H 


o 

Id  H 

pz 
"o 

tt.  a 

S2 


on 


I 

I         < 

E     i 
5     i 


a 


6    tr 
9a  |m 


f- 


S 
fi 


S^1 

c   M 

°  -xl 

IS 


■f-j 

C    u 

a  d 


U4 

I 


2^ 


^7 


A 


* 

^ 


■  s 

2    > 


rv, 


*< 


!  □ 

1  s 


*s 


>4 


(/)    . 

UJ 

zo 
o> 


^ 


2  K 


5       5 


^ 


>.s 


^ 


5 


^ 


^ 


s 
V 


V 
> 


1 


■^ 


H 

C/3  >"  5" 

>       Ql 


K  * 


V* 


*£ 


o  £ 


5  ° 

4s 


1^ 


<^ 


SI 


> 


u 
a 
D 
H 
U 
D 
OS 
.  H 


mi 


Mm 
U  e« 


1 


^ 


^ 


^x 


Vj  ■» 


s: 


->5 


i 


^ 


V 


^ 


N 


V 
-« 


-v 


^s   ^ 


^> 


^\C> 


£_i, 


s 


I 
O 


/ 
H 


\ 

0 


^ 
O 


V 


^'- 


— t- 


^r-^^ 


^ 


Q  . 


Si 


^•2 


V* 


<  I 


§    ^ 


>< 
X 

< 

a 
z 

D 
.   O 


X> 


z 

o 


X, 


K 


^> 


^ 


<x 


3>a^ 


L       4 
^ 


«**.   &; 


o 


^ 


"^1 

V.| 
Til 


o 

Z^ 


•c    ' 
*    i 


M 
i 

xl 

i 

n 

(/>    X 


d  - 

eg  ■-* 

—  C 

0.  3 


C  rrJ 

2 


J     CO 


5SN 


x 


A 


s.       ■* 


I5 

a  -«v 

2     J"* 

I  ^ 

o         <u    ' 

<->      .5 

•a        ■ 


Q 


i 


a      ^ 


iq 


a. 
S 
I      ° 
<-> 


o 

•      _ 

e 

o 

u. 

2  ^- 


?     □ 


a    0 


C/3     . 

zo 
o> 


.8 

2?  X 


it 


? 


S 


<3 

.uu. 


^S 


_Sv^ 


* 


*s 


* 


"5. 


* 


>s 


* 


H 

f  "**  K 

^        Ol 


X* 


^ 


"  >e 


^ 


-4  a 


*X. 


s  s: 


X' 


■t 


^ 


.s 


^-x  V  < 


o 


^5 


a  f 


\$>    x. 


V\ 


>*> 


Id 
X 
D 
H 
U 
D 

.   H 

vO    (« 


^ 


v 

di 


^ 


UJ 

X 

o 

H 
.    X 


X       ^J 

5:W 


s>    ; 


^ 


^^ 


^^-^r 


^ 


•- 


> 


/3s 


^ 


\j 


NX  - 


Mot 
u  VI 


tool 

I 


OD 


I 


I 

CO 


a 

> 


1*1 


n5 


a.       - 


ES 


—    ^ 

^J    ^J 


rO 

U 


O 

& 
« 

o 

CO 

u 

Q 


o 

e 


^ 


2*4 


2^;^ 


?*§ 


J  - 


va 


Od 


OS 

< 

a 
z 

D 

.   O 

cn   CD 


O      ^ 

u  *.vj 
-ros       i 


Si 


\ 


V* 


SJ 


Si 


i — 


*.»**- 


«KJ 


^ 

o* 


* 


N 


^ 

H 


1 <J 


V) 

i 


*      2 


1 


os 
o 

f_Z 

£* 

£Q 
1< 

D-D 

OS 
DO 


Vj 


"4 


3    N). 


:*n 


*  1 


*S 


OS 


8?w 

c  - 

5  c 
a  d 


V 

H 


-1   <v 


aV\| 


ai  I  I 


NO 


J\ 


H 


^" 


~1 


2K' 


u 


I 


as 
a 

1 


~>i 


>i 


.5, 


D 


^ 


T^ 


cn    . 

UJ 

zo 
o> 
■frv» 


^ 

^ 


1 


V      N 


C/J 
H 

.8 

a   QS 


:> 


<u 


L    3    < 


v|i 


^ 

~~*i 


K 


^ 


^ 

*> 

-* 


.uu. 


^ 


^$       -         c 


sai 


hn  cv 


co  :*  « 


C  *   v^ 


^  c 


I  St 


^ 


a   £ 


D 
H 
U 
D 
02 
.  H 
vO    c/j 


3     \ 


^^ 


-5 


*s> 


4 


^ 


3  1 

1^ 


^ 


A 


w 
a. 

D 
H 

.   X 


^ 


^^ 


a,      - 


Mai 

as 


52 
30 

•xN 

I* 


I 
vSI 


VJ 


/ 

-st 


i_S 


<5 


'Mi 


*5i 


^ 

a 

V 

J^^ 


^. 


A. 


v. 


_S^ 


V 


VJ 


X.. 


•2  Ks^.   -*>■ 


^'->^^,r^?- 


VJ 

^* 

VJ 


k  £| 

vo 
VJ 


Vj 


V/ 

VJ 


^ 


^ 


H. 


^s 


*\  5 


4 


^0 


-S3  .N 


^ 
V 

N 


k 


^ 


3£ 


k 


v. 


<JV 


e. 


VO 


^J- 


^ 


P 


V-5 


o 
6 


<J 


O        V 

OS 

3  > 


s 


g 


-  5 


2* 


j 

Q 

2      ^ 


<       i 


OS 

< 

Q 

Z 

D 

.   O 


2^ 


S- 


^ 
* 


*\ 


^ 


<>v 


5>i 


'«. 


n 


X 


5k 


s 
H5 


•^ 


> 


s 


.^ 


*s 


V 


V 


E    i 


a°0 

I     ' 

a    ' 


M 


Q.      I 


o  Jj1 

u 


Mi 


_:  e 
a  s 


c  <~T| 
o 

a    i 

eg 

O       a, 


f-4i 

Q  ^ 


S2 

o 


Vv5 

A 

3 


V 


«) 


"■J 


v^ll 


v    * 


?  B 


a         -~3 


■t 


D 


a   L£ 


^ 

^ 


ZO 

o> 


< 


V 


2  « 


2\ 


5  ^ 


^1 


3 


N 


-S. 


t* 


3d 


s 


s 


Vfc 


Uf-K 


K  ? 


* 


fc* 


o  5 


V 
o 

i 


^~5 


Qc*  V 


^ 

1 

^ 

^§- 


^5 


:ti_^ 


w 

D 
H 
U 
D 
K 
.  H 

U3     C/l 


V^ 


■M 


^ 


^ 


* 


v 


*1 


"> 


w 

OS 

H 


^. 


^ 


-^^ 


•^ 


X> 


n; 


><    K 
OS    C 

q|  : 

o 
J 
o 
u 


^ 


Ss 


"^ 


v^ 


^^. 


US 
i^2 


i 


&^ 


^ 


<sj 


P^ 


^ 


o 
i 

5 


-K^ 


:>■>.  >,>- 


^«^: 
^  ^ 

£*>. 


CX    r, 

> 


G   S 


c  s 


^. 


K 


St 


•^ 


^r  Va 


O 


VJ 


O 


3*5- 


^ 


r 

8 

£» 
at 

u 

CO 

U 

Q 

J 

5 

(4 

I 

z 

o 

< 

H 

u 
o 
u 

> 


N 

o 

e 

Q  <3 


4 


*    ^ 


1     *    S 


?1 


2p:  l 


>« 

OS 
< 
Q 
Z 

3 
.   0 


2         J 
0 

■d-QS 


^ 


*         ^ 


^ 


N 


^ 


K 
N 


bo 


t>>- 


^ 


Nft 


S_l 


i 


"» 


-« 


^ 


2s 


o 

5. 
w£ 

HZ 

-s 

M  W 

OS 

£a 
Zz 

a-u. 
<o 
a,  2 

Dffi 


vl 


I    < 

E     I 
£    i 


•c    ' 

*    i 


s 

8 


o   V 


^ 


3  "I 

IS 


cw>N| 


a  i 

a 

°  u 

J  en 


01        1 


55r>l 


\9 


> 


^3 


2     <^ 


Q 


♦a1 


a 

°  \ 


D 


I   0 


0.  ^ 


zo 
o> 


l4^ 


\ 


a? 


>- 


^ 


\ 


"is 


1 


2  os 


5. 


D 
«. 


^ 


& 


■  k 

v. 


* 


5      ^ 

8      ^ 


.uu. 

oo 
to 


^ 


^J 


.1 


5        o 


CO  ►■  R 

Og>. 
U^DS 

^      o| 


\    ^ 

l 


o  SI 


a 


<  S 
Ae 


-t 


*. 


a  £ 


o  € 


u 

OS 
D 
H 
O 
D 
OS 
.   H 

VO     CO 


^^ 


* 

* 
^ 


J^s 


iSli 


v^ 


V 


V    - 


4- 


i- 


J 


^. 


^ 


K 


N. 


^ 


4- 


V 


q 


w 

as 

D 

H 

.   K 

^   w 


-4o 


\ 


^   5 


5 


^ 

-*i- 


II 


^ 


V 


Sa  ^ 


1 


5 


a: 


a< 


A  Vl 


Uico 
(J  CO 

;Xz 
if" 


x3 
i 


o 

CM 
I 


^1  V) 


vj 


a.  £ 


a    >- 


l^    >v 


V 


a_£6 


en 


^9 


i 


^ 


So 


^^  s 


^ 
^ 


i 


^ 


^. 


^ 


i 


K 


J«- 


^r^ 


02 

o 

2^ 
w£ 
hz 

z  w 

-s 

u" 

Zz 

u< 

H, 
<o 

DO 


o 

a 


* 


1 

I 

=>* 

ft 


ao  (4| 


—   c 


So 


i 


.  «* 


2^n 


^ 


*  i 


i 

H 

a    i 

a 
-J    </) 


tl1 


&i 


N 


M 
N 


5    ""^ 


-    ^ 

c  I 

.2  M 


■ 
si  ^ 


•+  .„ 


! 


c^ 


<     ^ 


Si     a 

^  i 


?  D 


1  s 


<    i 


g  *-+ 


11 


^ 


a  ^ 


* 


.5       -a 

<2» 


8  fT) 


^3  S 


5     H 

a 
o 


<J 


to    . 

zo 

0> 


.8 


.uu. 


H 

e/2  >•  " 

u^o: 
>      oi 


u 

OS 
D 
H 
U 
D 
OS 
.   H 


W 
OS 
D 
H 
.   « 


SO 


-3v^_  jf^   *^ 


^ 


i4! 


i 


be 


^ 


A    € 


1 


^^t?iC 


CCS 

LA. 


^ 


± 


v5 


o.  * 


H 


r^ 


^-.(^ 


I 


vo 


on 


^'^ 


^H 


(\  n 


»f 


>~i 


A 


-t- 


-^ 


^    ^^  ^ 


M. 


?.^ 


S* 


^v3s>^ 


^  - 


m 


^ 
^ 


<=*  5 


«■  f 


^    ^J 


t 


^  € 


A  £ 


^4 

bo 


i 


px  5 


~5:.    ^ 


3^»^< 


4J 


— > 


s 


^^ 


^^^k 


*   £ 


U 


> 


N 


1 


SJ 


^ 


^ 


^ 


. 


- 


\ 


V 


-*: 


i 

•%  ^ 


1 


4- 


5. 


Ss 


N 


s 


\ 


X 


_^ 


i 


7 


^^ 


^ 

3 


N 


^ 


-I 


^ 


^«k 


«- 


^ 

^ 


^\ 


5 

•^ 

% 


5% 


X 


i 


^ 


so 


-1 

o 

e 
a    )i 


1-   ^ 


w 


s>l 


>- 

< 
o 
z 

D 
.   O 


'U 


z    ■ 
o 


^ 


<*5 


& 


9- 


* 


h 

* 


la 


5 


^ 


K 


_  i 

D  VI 

f  J 


>l* 


—   c 

a  d 


l/l    ~ 
DCS 


4) 

u 
*       1 


OS 

i 


5  "J 


•J    t/> 


5: 


Ol 


\ 


1^ 


s 


s^ 


c4 


o  \* 
%  N 
£     "Tl 


w 


a     S| 

»     . 

<     ^1 


N     i 


ft 


s   D 


) 


?*' 


> 


^ 


a      J! 


Id  J 

ZO 

o> 


<5 


i"i  , 


*        3 


5 


i 


I 


^ 


\ 


.uu. 


> 


^ 


^ 


H 

c/i  >  s 

2  Z  *l 


^^    ^<< 


Q  5a 


^ 


^s 


A      E 


u 

D 
H 

■^   U 

D 

OS 

.   H 

vo   c/i 


V 


i  > 


31 


«^  I 


-t 


"5: 


4! 


> 


^ 


w 

D 

H 

.    X 


-1 


^/ 


^. 


^     ^ 


N 

.«*> 


' 


7-     ) 

^J3 


hi 


US 


.4. 


I 

o 


o 

i 

■> 


^L 


^ 


^ 


!n\1 


^ 


« 


J. 


D   5 


K 

4 


I 

N 


^ 


V 


X    s 


^4 


I 


A) 


i: 


^ 


-^i 


S 


^ 


^  VJ   g   u 


1 


X 


"s 


i 


k 


^s 


0 


1 


^o 


?C 


,2^ 

■5 


c     v^ 


2  ^ 


^ 


§     x2 

2    V? 


2    hi 

<       i 


OS  J 


^ 


z 

c 


t 


•^1 


X 


^ 
^ 


-a 


v  <H 


^ 


fc. 


X 


\ 


Qx 


a    i 


w^1 


*i 


_    I 


is 

>  9 


2?r*i 


0.  D 


>1 


i 

H 

« 

J    en 


3d 


sK 


2^ 


«^ 


OS 


^ 


o     X| 


^     U 

5     D 


I  B 


$ 

^ 


5s* 


C/5 

zo 
o> 


>     4 


H 

.8 


r- 


-t  o 


i 


* 


?* 


.Ufc 


^ 


o^os 


H   * 


Si 


0     ^ 


"i  x-x  xj^V 


^ 


■^^ 


<. 


s. 


X 


^5 


Ci   £ 


a  5 


a  $ 


o^ 


c 

V 

tg 

$ 

a 

-"V 

-x 

t^ 

■^ 

r» 

-^ 

0 

00 

tN 

<u 

~  A 

u 

v>« 

~ 

<Mi 

w 

D 
H 

-  B 

OS 
.   H 


X 


X. 


^>C 


'*  ^^ 


3 

3     -^ 


^  iX 


^ 

^ 


i 


u 

OS 

D 

H 

.    X 


X 

V 


-J 


^4-. 


-J 

^44 


-J 


\ 


V) 


vi 


>   22 

os   o. 

Q|  =1 

OS 

o 

o 
u 


"Si 


-1    >c. 

I.   1* 


<^ 


^ 


V 


X1  \ 


s 


ss 


^?^ 


K 


$ 


Q    € 


o  ^ 


a.   £ 


^ 


a.      — 


U  v> 

,iz 


So 
•xN 


^ 


si 

) 

X 


VJ 


IXJ 


i*) 


<v> 


R 


> 


S 


v^ 


-U-^r 


^S 


Ri  s 


v>^ 


VJ     VJ 


X 

O 

2^ 
ut 

f-Z 

H£ 
OS 

5Z 
w  < 

ij 

*-, 

<o 

tt.  2 
DO 


o 

B 


E     i 

CO        I 


3 
$ 


1 5 

v    - 

IS 


e  - 
0.  D 


I*4' 


5^ 

5)tN 


t 


*    i 


ui 

>1 

OS 

i 

H 
£"1 


M 


4 


r  2 


°  § 

2Vv  i. 


^ 


v~i 


A 


5 


1 


\ 


1^ 


Q 


X 

ex 
i 


g  \^ 

c 


3i 


A;  J 


S 


I         □ 


CO 


1 
I 


s: 


J. 


^ 

'O 


^1 


X 

< 
a 
z 

D 
.   O 


z 

o 

< 


£^ 


a>    . 

UJ 
ZO 

o> 


CO 

H 

O 

.   O 


en 


.Ufc 


t/3  !»  K 


^   3 


w 

K 
D 
H 
U 

D 

X 

.   H 

ID     tt> 


w 

OS 

D 

H 

.    X 

I/)       [rl 


H 

><   52 

K    O, 

OS 

o 
J 
o 

u 


Men 

"III 
^Z 


So 


\ 


^ 


Q  £ 


•=»  £ 


*\ 


i 


fa 


a.  ^*. 


? 

& 

>i>- 


i5 


vj 


a- 


T? 


l!     .? 


Ss 


Li 


s"3 


is 


I 


*4 


Mi 


Vj 


^ 


*t 


^    <0     vj 


o 


H 


»1 


^ 


-a  t^ 


^? 


a- 


4  1 


m 


.5. 


^ 


^ 

■< 
>. 


U 


O    ^     vi  Vj 


1 


T 


^. 


"    ^ 


A 


v.         V       J 


^ 


N 


1- 


k 


<^S- 


\9 


X 


¥ 


^J 

5 


3 

^ 


-<- 


'V^ 


*$ 


a 


a 


s. 


^J 


T 

o 


^i 


s 


^J 


^ 
1 


o 

e 

Q  Ol 


o    . 

o      ~] 

4*       > 
IB 

a   ^ 


^ 
W 


< 
Q 
Z 

.   O 


z 

o 

ol 
<  - 


75 

J 


\i 


I   i 

p   i 


~      -V1 

C    VI 

c  3 


^ 


i 

c 


I— ' 

c  - 

.5  S 

a.  a 


6  r\ 


uj 

St 

vh" 

(V, 

i 

H 

V 

§^ 

r    i 

a 
£    <■> 

o      JJ 


ft 


8V1 
<  vi 


v 


x 

t 


% 


a 


Cm 

i 


4 


^1 


ri,     a 


'  I 


s 


I  □ 


-*. 


v1 


zo 
o> 


O 

.  o 

"5 


^    pv  f-v 


J31 
'.UU. 


* 


s 


(A  >•  « 

ggSi 


S 


,  * 


Id 
K 

D 
H 
U 

D 

X. 

.   H 


<*, 


s>-^ 


51 


a 
as 

D 

H 

.    X 

m    m 


H 

><    £2 

a  o, 

Q|  =1 
K 
O 
J 
O 

u 


'goR 


5v. 


O    £ 


ft    < 


lo 


a.      -. 


2§ 


^d 


^  y 


h 


*m 


*. 


V>  x. 


a  5. 


o    £ 


i 


-j 


"5  <t 


N 


^ 
^c-* 


^x 


1 


-J 


nJ 


-4 


73 


1^ 


•io 
I 


I 


r4 


i 


it 


sj 


^ 


\1 


V 

J* 


SrS 


^    £ 


^J  \J  ^  ^ 


>v. 

V 

• ; 

1 

<5 

>< 

i 
« 

1 

< 
V 
^ 

^ 

<* 
^ 

•    < 

^ 

2 

0 

rv 

0 

o    ^ 
as  VS 

c 

41        V 

a 

3 
O 

6 

u 

'Si 

v° 

o 

u 
* 
< 

en 

< 
Q 
Z 

D 

.   0 

(N    Q2 
t 

^5 

3 

-Q 

...     rQ 

-^ 

C3 

91 

XI 

E 
41 

0 

OJ 

Q 

c 

g      ^ 

1 

-j 

Is- 

■o 

X 

Q 

OS 

a 

■^1 

Oi^ 

u 

■*     ~~Q 

2<o^ 

CN 

O 

^ 

*■ 

^ 

X. 
-*- 

4- 

t- 

s3 

e 

u 
0 

C 
0 

V 

(O 

zc 

t 

^ 

6     1 
Z     1 

oi      | 

1 
to 

0 

u 

4) 
0. 

c> 

»> 

S3 

^H 

£      1 

01 

U 

<N 

^ 

CO 

H 

ji 

>  : 

{   -^ 

^\ 

0 

i 

5 

m 

a 

u 

ca 

0) 

1 
1 
1 

.8 

<» 

$ 

5. 

^ 

c- 

6 

^ 

*s 

n     I 

E      . 
a      1 

^ 

to 

CO 

O 
CO 

0. 

t      1 
3 
CO      1 

i  i 

CN 

<v-vl> 

v., 

aj 

c 

"3 
co 

«      V 

c      )c 

o     ^ 

■3 

c 

o         oi 

u       .5 
"2       « 
§       S 

J       < 

c 

0 

U) 

O 

U 
c 

41 

s 

01 

a 
>> 
H 

c 
od 

^ 

^ 

^ 

.uu. 

00 

^ 

ML  ^ 

H 

CO  >>  — 

uc-a: 

ro 

«      I 

3:     «, 

o    5 

< 
o.    5 

.  i 

1        ' 

1 

VI 

v_ 

\ 

a     II 

*     1 
°  2 

CO  .O 

d     , 
Z     1 

o     1 

Gfl 
Cfl 

a 

0 

41 

tm 

(0 

c 
3 
a 

tv 

CN 

A 

U 

as 

D 

D 

K 

.   H 

1C     CO 

-cj    : 

v 

• 

1 

a 

. 

j* 

1 
1 

X 

a.    i 

CN 

41 
41 

at 

o 

CN 

U 
OS 

D 

H 

.    X 

ID      fr] 

-1 

Vj 

-J 

C_i 

J 

^ 
^ 

-^v-. 

v» 

c 

c    U1 

3  ^>, 

4> 

o 

> 

[x. 

a) 

-O 

-a 

n!. 
it 

S 

Vs. 

CO  *», 

1   V1 

1^ 
if* 

><8 

Dei 
"1" 

1 
H 

S    ^1 

Ul 

c         1 

.2           M 

-         o 

6  ^i 

a;           1 

£            41 

> 

41 

5 

CN 

^ 

n 

id 

CN 

Q 

H 

OS    O, 
Q|  Si 

0 
z 

Zj 
(- 
(- 

o 

4  - 

45* 

Jv     *. 
*s    cJ 

S    * 

:  ^ 

3 

"n 

C 

/ 

CU 
3 
a 

41 

a 
E 

O 
CO 

1 

1 

t) 

>»• 

■^1 

3           5 
CO           CO 

O. 
n 

< 

41 

H 

■< 

i 

OS 
O 

^— 

• 

/^ 

N              >^- 

1* 
\ 

-^5 

urj 

|2 

c  - 

a  d 

a 
o     a, 

.J     CO 

d 

O 

6 

CN 

CN 

i 

o 
u 

s 

< 

— N  — 

1      1 

a  5 

> 

■*>sr 

<N 

V           ^ 

•   1 

v^     > 

v         * 

o    8 

V 

4 

t 

0 

0 

N 

c 
o 

t 

1               ^ 

2 

41 

vv,     a 
vX    1 

?  D 

4i 

0 
0 

u 

3,4. 

in      1 

UQI 

-0 

bdeo 
CJ  CO 

r^ 

<K 

vS 

i. 

"2 
c 

c           * 

4) 

*jj 

TJ 

-U 

. 

/ 

i 

re 

c* 

2      ^J 

a 

1  ^ 

2  l£ 

o 

CO 

o> 

■a 

c 

CO 

B 

"a. 

0 

41 

a 

CN 

C 
CN 

O 

1 

CO 

VJ 

10 

5V, 

coC^ 

Svi 

00 

O 

2^ 

^ 

H- 
^ 
0Q 



PI 

V* 

St 


Q  ^ 


OS  .    . 


3      * 

s  V3 


«0 


-»4 


OS 

< 

a 
z 

d 
.  o 

oj    CD 


Z     ^ 
o      *-> 

*05-    -* 


S 


*. 


4*^ 


M 
i  * 


On 


HJ 

d-^ 


1: 


V.N> 


^ 


.' 


§ 
* 


i 


* 

.% 


OS 

o 

Sl- 
ut 

f-Z 

z« 
=  a 

»  2 

&2 
fco 

Kb. 
SB 


S         I 

E    i 

£    i 


■Mi 


£     I 


»     I 


« 


3 


I  **i 

H 

CO      * 

oo    .1 


Mrll 

c  - 

a  d 


'-i,i 


a    i 


J      CO 


M 


X' 


4 


1 


> 
^ 


o     Mk| 


<Ot 


OS 

Ql 

I 

•) 

e 
o 

CO 


5       i 


a  j 
zo 
o> 

owss 


^ 

V 


> 


J  3 
^ 


K 


2   OS 


5"^ 

i  4 


^ 

^ 


3 
3 


00 


3d 

.'J  u. 

00 


\1 

pfc*l 


u 


rt-^$ 


% 


1 


H 

oo  !x  >- 


^ 


^   : 


^ 
^!^ 


* 


x^ 


^^ 


<<J5 


^.  s 


of 


^     V 


I     < 


(.  v 


a  =. 


^ 


^ 


?^ 


CM  ^^> 


a 
en 

D 
H 
U 
D 
K 
.  H 
>o   oo 


J^ 


^ 


a_{. 


-^ 


J!    ^ 


^C 


S     <\.A 

2     A\i 


U 

D 


N5 


5x 


x 


^x 


S 


1        ^ 

a-     - 


^ 


V 

^ 
S 


^ 


s 


N 


^ 


^\ 


o   £ 


v^  > 


<=>£ 


^^{ 


^W 


-~'- 


>-  >•. 


N 


S^ 


a     C 


2  rsk 


>.iv 


a   i 


.si 


I 
*1 


?^ 


K 


^ 


:^ 


^ 


^ 
^ 


i 


a 


J-S! 


§1 


N 


rsl 


O 


M 

o 
E 

4) 
™<X' 


? 


^ 


^ 


=     tf 


Si 


Or 


rv 


>S. 


N 


x» 


*o+^ 


Oo 


<> 


4 
a. 


^3 


N 


I' 


5\ 


^ 


Ss. 


^ 


1 


* 


^ 


Ox 


Cfl 


1  a 


u 


"k 


a.  d 


5  a 


55  *N 


N 


j  t/i 


o 
0^3 


IN 


c*> 


/\ 


-X  - 

if 


tl 


3s 


-    Q 


02 


2.  Uj, 

to 

<  X' 

d 


O       B 
XI     ° 


I      l5 


-a 

5 


-lx 


^ 


z  o 

0> 
:H„„ 


c/5 

H 

o 
.  o 


^*- 


1        ^ 


K 


.ut 


co  >•  — 

^         Ql 


-<   -* 


A     € 


9 


u 
02 

D 
H 
U 
D 
K 
.   H 


1     *}l 

o       xj 


H 

x  22 

os    0 

Q|  Si 

02 

o 

O 

u 


ev 


•    "a 

Q. 
U 

I  - 


u«5 


\ 


^ 


f    2 

*    ^ 


ro 


5 

Si 

\J 


3 

Vi 


* 
1* 


I 


* 


Sc 


$ 


V) 


<3\^ 


X' 


J}  * 


^ 

^ 


1 


1 


*sV/\ 


CCi 

t     v.- 


"3 


x^ 


4 


^5 


^ 


^ 


1"^ 


] 


X 


>cv<: 


*«*t 


c^ 


a  s 


(X« 

/ 
o 


^t 


o    i 


3 


^^ 


>/ 


'<* 


^ 


cxn 


^   £ 


x«i 

X- 

V 


ki 


1 


^<  •* 


i 


I 
>4 


cd 


rxi 

o 


xi: 


?s 


*ri 


5^ 


-^- 


^ 
■^ 

> 


^<s 


4- 


% 


ac 
o 

H 

h 
at 

o 

to 
U 

a 


o 

CO 

I 

Z 

o 

< 

H 

U 

o 
u 

> 


o 
S. 

f-Z 

zu 
uu 

*^ 

">D 
DO 


o 

E 
D 

a<3 


C  ^.    \ 


bsi 


3  ^ 


15 
'5  ^ 

0) 


Mtsll 

a.  d 


5^ 


a 


N| 


CS 


*    I 


i 


o    5 
J   co 


2^1 

itN 
0^3 


M 


54 


-  Q 

S  i 

2  * 

c  K 

5  Ol 

ai  I 


.i 


I  -i. 


<* 


S         v 


.2  ^ 

a  ^ 

I  ^ 

5  i 


8.  ^ 

<        ^ 


?   D 


!  a 


OS 

< 

a 

z 

D 
.   O 


^1 


>3 


^ 


ft 


3 


<! 

Vj 


z 

o     \> 


zo 
o> 


.8 

2  K 


.u  u. 


OU(h 
of- QS 


U 

s 

OS 

.    H 

iO   to 


U 

OS 

D 

H 

.   X 

LT       frl 


Sid  co 

U  CO 


,58 


i_i 


^^ 


Q     § 


^ 


^t! 


$•' 


5<)^ 


1 


Q     5 


c 


■Nl 


I 


rsl 
DC 


I] 


^* 


i 


a  5 


I 

HI 


■5> 


M 


^' 


•3 


tl 


o 

i 


ij 


^< 


c^ 


--9 


54   ^ 

1 


a    £ 


4    - 


VIS 


•0       3 


a  -^ 


i. 


c 

•i  i 

.  » 

a  5 


V) 

r 


1 

6 


^^ 


*    ^ 


o 


^J 


^ 
^ 


^ 


\ 
^ 


X 


^: 


%^^ 


N.O 


^ 


t,  s: 


-^r* 


VJ 


Jii_ 


X 


i^B 


<S-~ 


^ 


1$ 


_,' 


^ 


o 
B 


*     t 


^ 


2     \3 


c 
•CI 


c 

g  <* 


D 
.    O 


<rDS 


S    4 


5'  ^ 


r^    «v. 


N 


r^-t- 


Oo 


:^o 


^s 


3  -< 


*> 


V 


3 


V 

r    ' 
*    i 


I 


IS 


2?rJi 


c  » 

j! -a 

Q.  D 


I 
I 


3     I 


QQI 


^ 

^ 

UQ 


J\! 


— 1 


05 


./ 

o 

i 

^ 


w; 


2  D 


n  >» 


Ni 


1   i 

a- 


VI     ■ 

UJ 
ZO 

o> 


v> 


2  oi 


^ 


.ou. 


V 


1 


nJ 


^ 


X 


z=l 
He 


<0 

1* 

a3 


X. 


i* 

i    5 


^; 


*  i  3 
1$ 


in- 


5£ 


^ 


*k 


\ 


R) 


w 

D 

H 

.   M 

£   W 


V. 


VL. 


s..  ^a 


1 


-*J- 


^ 


h 


Ni 


* 


<V 


o< 


■^ 


^ 


^ 


Mo) 


71 


) 


i 


•** 


J* 

o 


t 

-CM 


v. 

< 


1 

4 


^-^^ 


4£ 


%.    ^ 
^*=- 


"~^ 


T 


$ 


J^- 


I. 


3 


«s. 


^ 


ll 


& 

H 

& 
OS 
U 
co 

U 

Q 


o 

a 


5 


* 


1 


c 

-J 


at      ^* 


z 
iH      ? 


$ 


*-<* 


.^ 


K 


t» 


-or 
S 


t 


4-C 

4. 


S 


H. 


3-K 


•v. 


1 


OS 

o 
5. 

M  H 

HZ 

z  w 

-s 

=  2 

30 


a    ' 

•e    ' 

*    i 


2 


S*fe. 


> 


°s 


i  v 

J* 


°?r*. 


—  a 
a.  d 


UH 

4! 


l 


a    i 


j  £ 


II 


^i 


* 

* 


1 1 


~         a 


-      Q 


I  8 

c  K 

o  « 

U  d 

«  I 

I  » 

i  - 

<n  to 


5       i 


id. 


i  □ 

{1 

1  S 


UJ 

zo 

0> 


$ 


X 

^ 


n 


*> 


4a*- 


S.  V  « 


K*. 


*t 


^V 


v 


^ 


S    s 


.u  It. 


1 


*.   > 


.^ 


H 

C/3  ><  — 


* 


* 


V^ 


^Sft 


^^>^^s. 


ai. 


*  ^ 


A  ^  A  ^^tA? 


2a 


w 
v, 

D 

-    H 

U 

D 


1 


14! 


^1 


?« 


■«-? 


J-     VOI 

2    Vl 

•6     v  Q 


5V 


I.I 


Mm 


T 


ca  cd 


^ 


:\  -l 


J 

1+ 


^ 


^ 


Jv 


'"S 


^ 

>  ^ 


X 


J 


a  f 


5 
^ 


v  „ 

a 


,; 


n 


:S^^;5^555i 


f^ 


a-  f 


i* 


> 


ft 

i 

5 


O 


^ 


■\' 


^^ 


> 


^ 


3 

5V 


^ 


1 

— t 


^: 


•3  ^: 


V 


.1 


^5 


^ 

(^ 

^ 


^ 


I 


'I1 


V.s 


4 


^?- 


1 


M' 


J^ 


^ 

r 


/-I 

o 

a 

5     i 

a  ^ 
«5SI 


X 
.3 


3 


'5 


a 

E 
O 

ft 


e 
<  I 


d 


OS 

< 
Q 

2 

D 

.   O 


Z 

o 
<  - 


•i] 


v 


6^ 


^ 


*^ 


M 


a 


~5 


V 


^ 


vj 


s 


f  i 

a  I 
E  i 
£     i 


>. 


H 


n 

? 
s 


ss1 

c  OH 

•3  H 


J 


z   °| 


c 

3^J 


_   c 

a  d 


Ui 

•>! 
OS 
Mi* 

I 
H 


J      CO 


o<3 


>* 

K 


^ 

■* 


j.-| 


CO  — 

j      < 


O 


— I 


UJ 


5W 

wri 


i\: 


o      ^ 

I* 


fa 

i.       • 

*  ! 

g.    a 

!  D 


t/] 

UJ 

zo 
o> 


N 


5  ~» 


■*\ 


11 


\ 


X 


03 

H 

.8 

2  K 


M 


•S-7~ 


y,k 


*1 


^5 
— c 


Si 


X 


^ 


■^ 


.uu. 


t 


u        ■ 


CO  >>  5? 

B8& 

ow>. 


^  ?! 

0 


-    « 


^^.SSf^ 


o  s 


2^. 


ui 

H 
U 

D 

K 

.   H 


^1 


SL^ 


Y-* 


£ 


S.5-1 


n 


tt 

\ 

^J 

^ 


!^. 


■2   J. 

s    N, 

£  ^  5, 

a 


U 

a. 

D 

H 

.    X 

^   u 


-J 

-A. 


-4- 
-41 


o 
5 


o 


V 


> 


i    n 


I  5 


6 


-     £ 

\  f 


It 


'ft 

-  A- 


V- 


r^-^ 


ST 


S^i5s^< 


k 


^ 


5s 


^ 


1^- 


fl-^tS 


a   £ 


<U 


p£l 


oil 


I 


Men 

^8 


I 


^ 
N 

^ 


^q 

<* 

^ 


> 

31 


_i 


ft 


o 


a: 

^  \j  *j 


^ 
u 


^ 


s 


\ 


J 


v 


V  4 


i- 


k 


d 


St 
O 

& 

OS 

o 
w 

u 

a 


os 
o 

££ 

Sg 

IV  [fa 

<o 

SO 


o 

a 

CO 

a  d 


<9 


oS 


3i 


S3 

0  ^7 

1  J 

:Sil 

•    i 


l\ 

a.  d 


s 


*       I 


os 


CvJ 


■J     CO 


o*3 


ii: 


^ 
z*z 


TV 

I-* 


3         .^ 


«    Q 


o  a: 

4)  I 

•  s 

1  I 


.1 

2    X* 


&     £ 


3 


!  SI 

^  • 

*  1 

1  D 


M: 


i 
u 

<       i 


§    V? 


8 


O  m 


tf 


8    n) 


■S  "B 

d  to 

§  * 

a  -a 

a- 

1  H 


D 
.   O 

(N    o 


2    ^ 

vQS       > 


ZO 

o> 


.8 

2    « 


<  3 

.uu. 

to 


ggS| 

Ogl" 


6 


ui 

K 
D 
H 

5 

a: 

.   H 

«   c/i 


W 

OS 

5 

H 

.    M 

£  w 

tO     L- 


VJ 


ITM 


s 
£ 
^ 


a  £ 


-a 


O 


-J 


o  o 


^4 


^ 


T) 


-J 


Vtf.S^X 


^?~ 


;4 


*<s 


ex.  Si; 
:>v> 
-2  «» 

*£ 


5*- 


^ 


K 

•5<3 


Jn 


1^ 


VJ 


filSiS^ 


cv£ 


I 


>5' 


CX 


q5 


-J 
o 


^^ 


Ze\ 


f 


1 


^v 


i 


N 


«\ 


^ 

Vi 

^ 


*\ 


^: 


^3 


^ 


A. 


^ 


\v>- 


j 


:i^ 


^ 


V 


^: 


t-i 


«^  ^ 


^x 


NS 


i 


\' 


s 


4. 


I 

^ 


K3 


^. 


^ 


"?•- 


■^~ 


k-i 


^ 


y 


v3  I 


s< 


4 


S ^ 


?s 


o 

I 

z 
o 

H 
< 

U 

o 

u 

> 


a: 

o 

(_Z 

z« 

fcz 

w< 

Ij 

<o 


I 


o 

e 


if  j 


-A. 


>v4 

I 

I 


E 
a      i 

E     i 

D 


>^ 

C 
c   - 

™  c 
a.  s 


I 


Of' 


2^ 


o 


2Vn 


2* 


^ 


A 


>° 


k* 


^ 


■I  £' 


5       i 


§. 


^ 


s> 


I   D 


«CJ 


vo 


N? 


H 
—      ■  ^  to 


> 

fe 


3  (^ 


m 

1 

ti 

| 

a 

V 

a 

N 

E 

< 

< 

*» 

i/i 

1 
1 

a.       — 


< 
a 
z 

D 

.   O 


z 

o     ^ 

<  - 


zo 

0> 


.8 


.uu. 


K    - 


w 

OS 

o 

H 
U 

K 

.   H 


H 


H 

s-   S2 
a  c 

Q|  =1 

o 

o 

u 


U!to   » 

U  to 

^  z 


25 
go 


Vj 


y*i 


> 

$    V 


^^ 


1 


I 


<i_c 


N 


« 


\ 


v.     «D 

a  S 


I 
00 


I 


A  s 


•5 


^J 


'O 


s. 


'  ^5 


^ 


^-:n~ 


^ 


^=r 


HJ 


<1 


<t 


> 
^ 


•4. 


— «M 


V^ 


* — ^■ 


4 


"3 


^ 


5 

S2 


«>w 


e 
P- 


O 


^^ 


v 


s 


M 


A 


+1 


v 

5. 


^s 


<* 


4 


\ 


x 


^ 


X 


v 


^ 


5 


i 


n 


^: 


N 


V  , 


^ 


^ 


^ 


^ 


ia—i. 


o 

"S 

N 


^ 


It- 


H 


V        t> 


^ 


^ 


s:. 


>^' 


-* 


^^' 


\ 


o 

O 


01 

O- 

o 
u 

Oh 

c 

•H 

01 
01 

c 

•H 
W> 

c 
w 


h 

"  ■  1 

;;. 

S  ••' ; 

("• 

K 

"3« 

■    - 

r- 

"  *  i 

• 

r 

c 

i 

3"S? 

V, 

•» 

<■- 

^^ 

o- 

v» 

s^. 

^   - 

^ 

*v. 

>• 

r- 

— 

> 

a» 

V 

•^ 

v^ 

to. 

"si- 

^? 

(*i 

— 
-< 

Pi-  - 

„ 

0 

I, 

*• 

s, 

h- 

NJ 

c 

rs 

(Si 

"n 

o  £  j 

- 

•» 

> 

r* 

^ 

& 

Q 

<s< 

Ci 

s» 

j  J 

«\ 

f*> 

f< 

<"< 

N 

N 

r«~> 

tn 

rn 

M 

t 

p 

V 

\ 

ss 

Ni 

tV. 

*8 

*s 

n 

<?. 

^ 

S 

u 

^ 

^ 

\J 

\» 

s» 

S* 

K 

bs 

w 

o 
s 

; 

« 

N 

V>s 

Sr> 

vK 

•^ 

^K 

V 

^ 

•*> 

Kl 

N. 

< 

" 

©s 

&s 

Qs. 

sK 

^s 

^ 

v»s 

^ 

Qs. 

u 

* 

'. 

* 

jj 

si 

o 

si 

^ 

0 

v> 

Q 

Q 

s> 

0 

si 

s^ 

si 

■v. 

s^ 

Q 

\ 

si 

s^ 

si 

s*. 

■Q 

s. 

o 

Ss, 

a 

7 

O 

Q 

o 

Si 

o 

Q 

Si 

o 

0 

Q 

* 

•* 

<i 

o 

si 

si 

Q 

si 

"«i 

o 

■Q 

Q 

"S. 

^~ 

'~>' 

^s 

v. 

^^ 

s» 

s^ 

*s. 

"V. 

UJ    .                 "2 

rr, 

rv 

rn 

<2> 

\3 

<si 

Ki 

l-> 

l*i 

L, 

*  <  o        J 

" 

rr> 

o 

«s. 

N. 

Q 

!*■ 

r* 

<ft 

s3 

l^ 

S£"  1 

N 

N 

N 

sN 

NS 

^ 

^ 

<N 

r^ 

K 

0 
X 

£ 

> 

sj 

sj) 

s> 

V 

v 

s» 

s»> 

NS 

sS 

X 
1 

h 

< 
U 

< 

u 

< 

^ 

^t 

*£ 

St 

t 

< 

CC 

<t 

T 

St 

a 

3 

= 

—1 
— 

-4 

■si 

V) 

•sj 

5. 

si 

SJ 

si 

a1" 

o 

-J 

-4 
v-0 

t 

sj 

in 

~4 

-J 

-J 

> 

--I 

u. 

> 

^4 

-J 

-J 

1 

3 

3 

1  > 

c  *• 

g 

0 

« 

ii 

u 

SI 

S| 

i 

-c 

!u 

s 

3 

^ 

5    *   Or- 

-j 

si 

du» 

iJ    a 

<s 

iQ 

0 
h 

sin 

si5' 

5 

N 

^ 
i 

^S» 

0 

1? 

s 

5 

3  a. 

(M" 

i 

o 

*0 
i 

sX> 

0- 

> 

■o 

•   JO 

-C  i        I 
3«^       O 

sS 

1 

1 

sS 

3s 

1 

ts- 

Csl 

J5 

V 
M 

- 

c?V 

si 

c 

-  5 

vj« 

i  5 

^ 

J 

rt  — 

s^}.    ^ 

SI 

£ 

££ 

^1 

v0   sfs 

\J)   tts 

o 


<4-l 

o 


0) 

a, 

M> 

c 

•H 

u 

* 
e 

c 

•H 

Ml 

C 

w 


>- 

?Si 

£ 

Ss« 

5 

i- 

S°i 

■       *  £ 

O 

1 

as*  ■ 

5    8j 

c 

>=>o 

\a 

r4 

s. 

V 

V 

f^ 

•^ 

V? 

u 

rs) 

t>o 

~ 

«^ 

Vi 

*»s 

is 

+r\ 

> 

^1 

5K 

N 

sj 

s. 

IX 

it 

6h- 

_ 

Ssi 

V. 

s» 

st 

-- 

^ 

^. 

^ 

o<i 

r4 

Oo 

oo 

•<D 

*~ 

<»s 

^ 

«*5 

S1 

"^ 

^1 
> 

s» 

5*- 

^ 

hi 

i 

§ 

<js. 

•sS 

0-- 

0s 

ts 

Os 

VK 

<*> 

Ov 

bj 

o 

„ 

5 

s> 

«^ 

«v 

^ 

<K 

<N 

Ps 

N 

9>- 

«s 

0s 

«s 

o 

Q 

< 

■ 

On 

Os 

«>. 

fc. 

*» 

0^ 

»v 

0^ 

<X 

tv. 

«s 

v>^ 

s. 

< 

i 

rt 

si 

o 

a 

0 

Q 

0 

0 

(^ 

«a 

•o 

ti 

Q 

Q 

SE 

- 

s 

si 

o 

<4 

s> 

Q 

Q 

^> 

^» 

Q 

Q 

si 

O 

s> 

LlJ 

DC 
EL 

*- 

""" 

s 

\ 

*s 

s- 

v- 

0 
s> 

Q 

^ 

Q 

Tl 

^ 

<3 

Q 

^ 

•v. 

^ 

O 

C5 

■^ 

Q 

^ 

si 

Q 

■ — 

Q 

O 

O 

- 

N 

^ 

si 

N 

•1 

Pv 

^ 

N. 

> 

^ 

ts 

rs 

>a 

5<o     t 

= 

- 

> 

NJ 

»* 

to 

<5s 

'■n 

si 

s^ 

s^ 

0 
X 

s 

SB 

P- 

p- 

\ 

t-s 

v» 

s» 

r^- 

rr- 

f-~ 

sS 

\1 

V 

X> 

T. 

c 

< 

< 

* 

<t 

«* 

**: 

^ 

^t 

■«t 

< 

X 

^ 

^ 

«v 

^ 

a 

= 

O 

si 

•J 

sj 

^( 

-4 

J 

v/ 

si 

sj 

^1 

s( 

~l 

U 

3 

VJ 

VJ 

VJ 

VJ 

VJ 

V/ 

u 

"vJ 

vj 

VJ 

vj 

s/ 

o 

si 

s> 

si 

-J 
VJ 

i 

v 

-J 

-J 

vo 

<J 

v) 

sj 

-si 

si 

-J 

VJ 

^ 

vo 

^ 

vo 

V) 

*0 

"i 

^O 

A 

^ 

o  « 

„ 

1  H 

°  " 

ig 

• . 

2 

c 
i-  J 

-s 

•S 

— tt 

1 

is 

^t 

O 

^ 

^* 

^-i«j 

-* 

* 

t 

O 

5 

du     o- 

i-J    o 

o 

03 

j5 

\) 

y 

o 
t- 

u 

|  i  H I 

~ 

s 

% 
t 

c 

0 

II 

5 

<3 

i 

o 

U       .1.1   - 
M        HI 

5 

•J* 

s& 

t 

is) 

s, 

\ 

S» 

0- 

i 

•0 

o 

1 

a* 
<*> 

il 

\ 

O 

m 

i 

s. 

\ 

U 

1 

~s. 

A 

0 

^ 

3 

JU 

* 

% 

§1 

c 

3 

sj 

i 

£ 

r-  3 

a:  < 

<  u. 

&  i 

U.  3 

O  CD 


""  *  4 

j  *  is  l  *    * 

% 
o 

■ 
• 

1 

1 

W 

-v. 

i 

•       1         * 

1 
t 

V 

i 
i 

I 

1 

s 

t 

t 

; ;  5  1 1-       s 

i 

V 

£ 

— o 

5      s^ 

v. 

f|           £ 

1 

l     1 

*    I 

>-> 

-    «   ,    » 

5 

<*        > 
5        J 

1 

i 

• 

V.I 

5 

-* 
•s. 

*.  i 

* 

, 

1 

<             -• 

< 
"1 

0 

* 

"SJ 

1  \k 

e 

"V. 

1 

I    ! 

•«  ; 

u 

u 

-0 

5 

*3 

0         S 

.V 

Sol        s 

t 

« 
> 

V 

? 

V 

^           1 

<»         £ 

£       * 

0 

ill        § 

i 

V 

> 

-< 
■s; 

< 

0 

=  <   3C                       —. 

is;        S 

V 

>                V 
o 

5      <2 

e 
« 

0 

0 

-    « 

o 

<  X                     O 

1  ■          = 

• 
* 

i 

* 

$ 

^ 

* 

5 

. 

V 
0 
o 

*._.'0    A. 

At 

■Jk 

5     ^ 

"5 
5 

0 

3 
< 

o 

m 

«                          0 

1      « 

V 
0 
0 

a. 

V 
0 

<2 

V 
0 
£2 

»  i 

• 
6w 

s 

i| s 

V 

3 

C 
3 

1      ^ 

3                  S 

'a 

c 

-i. 

1 

— w 
V 

3 

C 

3 

ft          ^ 

3                   3 

Z                  S 
3               3 

"5 

a 

1 

3 

t 

5 

Ms 

r    fa  * 

L            1 

5       1 

S        S 

o 

*• 

t> 

0 

v5 

1                 1 

% 

-4- 

M 

C 

* 
5 

3 

• 

0 

Q                    —      O 

*           '    5 

0    \3 

K     « 
1      % 

0    ^ 

I 

t 
J 

Li 
[ 

r. 

■  «    " 

o 

0 

va 

•?  £  -i  ^  3 

j 

c 

3 

'5 

a 

«4 

"5    5 

J 

3 

r 

j 

:!    - 

^0 

c 

3 

-4- 

3 

t 

3 

"0 
0 
6 

0      0 

V 

v    * 

0     »- 

J2 

2<        c 

t 

• 
>- 

V 

> 

3 

i  5 

r4 

2>      A 

1 

»!  s 

o 
0- 

da 

i  it 

4 

^1^ 

ON 

1 
■j 

\   ifn 

f      *      3   " 


2°; 


*l 


"  £  < 


DCS 


r-  3 

a:  < 

<  u. 

a.  x 

U.  3 


I 


** 


^ 


1 


1 


_ ii_ 


X 


1*1 


3^1 


5       * 


|*I 


!Mj? 


* 


* 


x. 


S 


X. 

J0_ 


s. 

>» 

o 


3    * 

^1 


1« 


£ 


X 


£^  a. 


5 


*     9     ^  '* 


^ 

5 


V 

•a 


1 


3    \ 


*<1 


^?*c 


*'i* 


1 


'4. 


m 


X 


1-f  I 


* 

5 


* 

S 


a. 


0 


}*i 


£ 


1 


^ 


^ 


H 
^i 


Y 

^ 


0     4 


l«F 


i 


o    *    1 


it 


.1 


0 
0 


0 


C      K 

■3    a 


>[ 

*   tf  N 


T 


1_A 


X 


^    5 


'   s; 


ri 


> 


.o 


M 


5>   <5 


OS 

o 
2 

UJ 
H 
Z 

w 

X 

H 


Z 

U! 
J* 

O 
< 

z 
< 

a 
z 
< 

j 

u. 
o 

D 
< 

UJ 

5 

m 


o 

«/> 

Q 
ui 

fi  ^ 

w  uj 
UJ  — 


O  O 

■  ■ 

z 
< 


CO 

O 


2g 

UJ  uj 
OS 

a. 

OS 
UJ 


i-oL  j. 

1/5  w  _  ■_ 

So 

S 

^» 

>t 

^ 

-^ 

> 

1 

I     £3Pfc5 

7) 

*■" 

* 

« 

3: 

.•»- 
^ 

*  i 
5 

A 

! 

^ 

•« 

<Nj 

Q 

<^ 

Q 

<i 

V» 

Q 

N» 

us-.g- 

*s 

«4 

■So 

^ 

oi 

»c 

<K 

fta 

•<. 

s 

<o^  -- 

r~ 

\ 

xl 

I 

\ 

I 

i 

I 

t 

\ 

!      yp<" 

^. 

N8 

^ 

a* 

*» 

N» 

n 

W 

M 

v» 

•o 

u. 

CC 

n 

tx 

rv 

K 

N> 

v* 

K 

^ 

vS 

^s. 

K 

«£ 

a 

<j 

M 

0 

l) 

V 

nJ 

V 

\) 

Kaoo  j.1 

__ 

•fl 

^ 

\ 

< 

V 

^. 

V 

^ 

^ 

X 

t 

^ 

^ 

^ 

i 

t 

V( 

<s.  K  £ 

^^ 

■< 

^ 

-v 

>». 

i> 

•No 

ao  <  t, 

IA> 

^ 

^w 

>t 

•*s 

•* 

't 

•^ 

"5 

-3 

-^ 

!     §P2o 

u    x 

f1 
*1 

^ 

^ 

\ 

■A 

^ 

^ 

5 

% 

*v, 

1 

,-> 

^«, 

> 

^ 

~W 

>* 

2 

(j  c  (-.  ■« 

.<K 

• 

•  C 

^S 

'?> 

« 

V^ 

2 

«• 

o 

1  55 

£ 

l^ 

^ 

^ 

^» 

^ 

^ 

i° 
OS 
Uw 

(J        H 

fO 

V 
04> 

IK 

X 

« 

1» 

-o 

w 

*) 

ki 

"% 

5 

5 

^ 

5 

,   H 

,_, 

, 

ul  u 

<N 

a 

u  w 

^, 

•-!    •  7.  -> 

u. 

U<Ot 

J 

*s 

^ 

> 

**- 

> 

>■ 

>- 

V 

V 

V 

> 

V 

z 

**^ 

"""■ 

"** 

*v 

■>* 

-». 

~- 

t«: 

jw£^^ 

-t 

~t 

i 

^c 

>t 

^ 

^c 

^ 

re 

-  jk'o"^ 

o 

«■> 

3 

o 

.*, 

r\ 

en 

•  *s 

> 

'♦% 

►*  -«•  ^  <    ^— 

*H 

X 

-J 

> 

> 

i 

1 

t 

X 

^ 

■3: 

,'  1"!  w  fc  oH~: 

S^ 

<0 

^. 

CQ 

v» 

*?\ 

^ 

N 

^ 

«n 

V 

Ul  UJ  £  O  Ci  rj  C 

«•* 

^^ 

-^ 

— • 

*— 

-* 

-^. 

\ 

^ 

U,       K       Q 

*  c/>  ~ 

!    fcou 

£Z~ 

00 

;   3~2 

a 
z 

£ 

r*. 

•« 
-c 

•J! 

4 

Su 

O 

o 

O 

a 

o 

o 

Q 

o 

Cs 

i 
j 

<  u 

a 

S- 

< 

Ul 

<o 

Ul 

Ul 

Ui 

VJi 

Uj 

5 

Ul 

9L 

1 

z  u- 

5 

o 

Q. 

5 

« 

i 

« 

3 

^ 

3 

O 

•  CO 

a:  O 

1/1 

■^ 
** 

5 

Ul 

<Jf 

2* 
> 

> 

u 

< 

■  > 

UJ    t. 

tv 

a 

$ 

ex. 

a- 

o. 

^ 

CL 

2 

1 

s3 

u  a 

* 

4 

of 

< 

-4 

at 

-4 

o-  < 

$ 

i 

* 

I 

$ 

? 

5 

$ 

z 

X 
H 

a. 

O 

& 

vO 

a 

<4 

a 

C^ 

o 

Ct 

& 

| 

a 

> 

* 

> 

^> 

> 

z 

^ 

X 

> 

di 

o< 

c» 

i 

| 

v. 
3 

^ 
$ 

-» 

OC 

6 

I 

m 

■J 

« 

i 

41 

t«Z 

<  • 

s 

€ 

% 

c 
2 

^ 
5 

§ 

c 
3 

a: 

ajj 

m' 

m  • 

> 

W-l 

ss 

r» 

QO 

£ 

Q 

5  to  CO 

t^, 

Q 

O 

o 

O 
o 

H 

a 

rr» 

9- 

o» 

^ 

o- 

<K 

>■ 

>>* 

o* 

E 
K 


7312  -  sons 


II lustration   11,    Ta%e    1 

Form  7310-26 

(.21l)2e,    .2410 


M.-zi 


Wnfcr:,;ird    Management 
nriTirii:  s    .inJ    Interpretations 


BLM  MANUAL 


Rel.    7-55 

1/4/74 


7312    -   SOILS 


Illustration   11,    Page    1 

Vonn  7310-26 

(.23l)?c,    .2411) 


Watershed  Management 
M.-astircm.-nls  and  Interpretations 


UNITED  STATES 
DEPARTMENT  OF  THE  INTERIOR 
UUKLAU  OF  LAND  MANAGEMENT 

CO 

Z 

o 

i 

i:  uj  w  ri , 
r  ''■ a  "*  < 

"5- 

-v. 
M 

-8             A 

i 

fc  o  -5  w  fc 

Our,<  l- 

| 

1 

I 

*       *     ^ 

</) 

w 

H 

u 
< 
X 

a. 

id 
o 

< 

J 
p 
a 
u 

X 
1/1 

!  a 

O 

a 

iO 

•A 

j 
/ 

a 
< 
iii 

X 
X 

X 

UJ 

< 
* 

< 
o  -J 

«  a 

DC 

fa 

0 

o 

V3 

• 

in 

U 
3 

«    Z 

t-  o 

z  P 

o 

(J 

= 

lit 

> 

5      5    H 

X 

K 

H 

o 

* 
^ 

* 

1-    1  . 

<  1  >-o 

ai  q.    ,  0  = 

2  a   i  *  f- 

<-   ^ 

O 

xl 

H   < 

Oi 

* 

> 

> 

^ 

4     *  -il 

i 

o 

Bt> 

* 
X 

> 

■* 
> 

1  ^    55 

oc  z      'z 

Uuj    "uj< 

5  2,'gS 

•J 

z 

X 
X 

r* 

> 

^ 
X 

- 

3  i 
< 

UJ  1 

1 

u 
III 

> 

o 
i- 

7. 

o 
p 

< 

H 
X 

J 

J 
5 

1A 

5     o 

2*- 

£  u.  O 
O        a 

u 

£ 

<* 

V 

> 

o 
z 
z 

< 
u 

s 

S 

i 

■*5tt 

a 

z 

< 

o 
z 
< 

^2 

q  a. 

T 

i 

■< 

^ 

ill  * 

N5 

-i 
-i 
ac 
O 

M 

< 

1 

>* 

1  i  ^ 

J2 
i/l* 

f*l 

II 

^5 

2.  -1-1 
<r"  a 

5=£  = 

= 

> 

* 

■ 
% 

1                             -J 

Bl  M  MANUAL 

Rel.    7 
1/4 

-55 

v^   ^ 


■*%•< 


■0     ^<e  o>o*  r> 


Vo 


^°o° 


,<e 


,<» 


r 

o  a 
>  > 

PI  PI 
o 


hi   Dl 

c  c 
o  c 

(-l-tr 

•  S1 

H 
03 

•  iC 

o 


O 

X 

73 
O 

M 

73 


(1) 

!— - 

1 

ri 

n 

(13 

01 

ro 

01 

r+ 

m 
4* 

e  ° 
5  3 


-'I 


0> 

o 
o 


BLM  Library 
D-553A,  Building  50 
Denver  Federal  Center 
P.  0.  Box  36047 
Denver,  CO  80225-0047 


Bureau  of  L  -agemant 

Library 

Denver  Service  Cerfte* 


